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BACKGROUND

0 This handbook describes a general purpose computer program that will simulate the performance
characteristics of aircraft takeoffs and landings. This program has been adapted from the original NASA
Ames TOLAND program and documented in NASA Technical Memorandum X62,333 (Reference 1).
This original was written in FORTRAN IV in 1973 as a design tool by Jeff Bowles and Thomas Galloway.
It was later modified by Dave Nesst and Wayne Olson circa 1979 to simulate refused takeoffs and rolling
minimum interval takeoffs (MITOs), Reference 2. In 1980, the modified version was first used for
performance simulation and flight test standardization on the F-15C flight test program and by the F-16A
for landing performance tests in 1982.

Because the original NASA TOIAND was originally programmed as a design tool, it did not fully suit the
needs of the flight test community. Program inputs, such as desired rate of climb, were needed as outputs;
and program outputs, such as flare initiation height, were needed as inputs in a flight test oriented program.
The original program ran on a large mainframe computer. As the engineers moved their flight test data
processing to personal computers and workstations, a need was established to move the TOLAND program
also. This new program has been completely rewritten to meet these flight test requirements. While the
overall methods of numerical integration and the equations of motion have remained the same, the source
code is all new.

0
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INTRODUCTION

This document describes the inputs, the equations and computational techniques used, the subroutines and
the main program developed to sin'ulate the takeoff, landing and refused takeoff maneuvers of a given
aircraft. The program can simulate ta~eoffs, continued takeoffs (with engine failure), refused takeoffs, and
landings, and can be applied to conventional, thrust vectored and powered lift aircraft. This documentation
describes the internal program subroutines, the namelist inputs, the equations and the computational
techniques used.

The aircraft is treated as a point mass confined to m-otion in a vertical plane; the rotational dynamics have
been neglected. This simplification requires an estimation of the angular rates and precludes the use of this
program as a tool to evaluate minimum control speeds. These angular rates are approximated by a finite
difference form or input by the user as commanded rates.

The user is required to provide at least two subroutines which pass lift coefficient (CL), drag coefficient
(CD), net thrust (FN), and fuel flow (WI/dt). If random access curve files are used for aerodynamic or
engine data, the initialization subroutine (INICURV) must be provided. Additional subroutines may be
modified by the user for ground effect, engine transients, coefficient of friction (j±), flap retraction, gear
retraction, pitch control, spoiler control, and thrust vectoring.

Detailed descriptions of the program inputs are provided in the Namelist Description section and program
outputs in the Output Description section of this document. The program subroutines and functions are
explained in the Subroutine Description section of this document. Detailed descriptions of the program
variables contained in common blocks are provided in the Common Block Description section. The
equations of motion used in the program are shown in Appendix A. Generic examples of all these
subroutines are provided with the source code in Appendix B.

0
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Table I
TAKEOFF TRACKING VARIABLES

Wool Pi!ch THTCLM 0 - HCL MB
FCoal Awspeed ICabtxead Ainspeed jVCLAAOUT IHCLUMB- HCLMOUT
CoIant P i 65h P Ant .. THWFLY HCmO uT- HMAX

The uormal mode- for a takeoff is:

HCUMD a MACX =350 Feet
HCLMOLFT > 50 feet

in which cme the prograrm never executes the first or second segments of the climbout.
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LANDINGS

The landing maneuver is divided into four basic segments: approach, flare, transition, and landing ground
roll. A steady-state approach is initiated using one of two methods. In one method, the landing approach is
simulated at the angle of attack and net thrust required for zero acceleration along and normal to the
flightpath, e.g. at an input constant calibrated airspeed. Using the other method, the landing approach is
simulated at the calibrated airspeed and net thrust required for zero acceleration along and normal to the
flightpath, e.g. at an input angle of attack. These values for angle of attack or calibrated airspeed and net
thrust are calculated in subroutine STEDYST using inputs of angle of attack (ALPHA) or approach speed
(VKAPP), and flightpath angle (GAMMAPP). The approach starts at the obstacle clearance altitude,
(HCLEAR) and ends at the flare altitude (HFLARE).

At the flare altitude, a pull-up is simulated at a normal load factor calculated based on a circular arc
trajectory and the thrust is changed from the steady-state condition to idle. This trajectory is defined by the
approach flightpath angle (GAMMAPP), the sink rate at touchdown (SINKTD), and the approach speed,
(VKAPP). Because airspeed can change during the flare, touchdown airspeed is not an input variable.
Table 2 shows the tracking variables and altitude ranges for the various segments of the landing maneuver.

Table 2
LANDING TRACKING VARIABLES

Segment Tracking Variable Altitude Range
Approach Flightpath Angle and HCLEAR - HFLARE

either Angle of Attack
or Calibrated Airspeed

Flare Sink Rate at Touchdown HFLARE - 0
Transition Pitch Angle 0
Ground Roll Not Applicable 0

After touchdown, aerobraking can be accomplished by pitching the aircraft to the angle of attack for
aerobraking (AOAABRK), and then achieving a three-point attitude after reaching the minimum speed for
aerobraking (VKABRK). The angle of attack for a three-point attitude is defined by the constant
(AOA3PT). Pitch changes are simulated at a constant rate (DADTCMD) the commanded alpha rate.

During the landing ground roll, the simulation coasts the aircraft to the Wheel Brake Airspeed
(VKBRAKE). In addition, individual time delays can be set for brake application (TIMEBRK), flap
retraction initiation (TIMEFLP), thrust reverser deployment initiation (TIMEREV), speedbrake deployment
initiation (TIMESBK) and spoiler deployment initiation (TIMESPL).

0
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REFUSED TAKEOFFS

The refused takeoff maneuver is identical to the takeoff maneuver with the following exceptions. An engine
failure is simulated at the engine failure speed (VKFAIL). The engine failure speed must be less than the
liftoff speed. After a time delay from engine failure (TMMEIDL), the simulation initiates the reduction of
thrust on the remaining engines to idle. After a time delay from engine failure (TIMEBRK), the simulation
applies brakes by changing the current coefficient of friction (XMU) from the rolling coefficient of friction
(ROLLMU) to the braking coefficient of friction (BRAKMU). If the rotation speed has been reached, the
simulation will either return the angle of attack to zero or change the angle of attack to the angle of attack
for aerobraking (AOAABRK). The angle of attack for aerobraking will be used for calibrated airspeeds
above the aerobrake limit airspeed (VKABRK). Changes in angle of attack are made at the commanded
angle of attack rate (DADTCMD). The minimum control groundspeed (VKMCG), can be used as a trigger
speed to adjust engine thrust if desired. The (VKMCG) variable might be used to trigger the variable
XENG to be changed to XENG + 1, on a four-engine aircraft performing a three-engine takeoff. Two
engines would be used from brake release to the ground minimum control speed and then changed to three
engines above that speed. This option was used on the B-IB TOLAND program to aid in developing a
three-engine takeoff capability and is an uncommon use of the program.

Wheel braking can also be initiated at the wheel brake airspeed (VKBRAKE). In addition, individual time
delays can be set for flap retraction initiation (TIMEFLP), thrust reverser deployment initiation
(TIMEREV), speedbrake deployment initiation (TLMESBK) and spoiler deployment initiation (TIMESPL).

Engine failures can be simulated with one of three methods. The simplest method is an abrupt engine
failure where the thrust loss is instantaneous. This is accomplished by setting the engine failure mode
(FAILMOD) to 'SEIZE' and the delta time for engine failure (DTFAIL). These are the default settings for
the program. The second method is a linear loss of thrust over a time interval. This is accomplished by
setting the engine failure mode (FAILMOD) to 'SPOOL' and the delta time for engine failure (DTFAIL) to
desired value in seconds.

The third method is a loss of thrust using a user-provided subroutine SPOOLDNF. This is accomplished by
setting the engine failure mode (FAILMOD) to 'SPOOL' and the delta time for engine failure (DTFAIL) to
0.0. Subroutine SPOOLDNF might consist of a curve or set of curves or an exponential equation or set
of exponential equations. A set of curves or a set of equations might be used to distinguish between
different failure states and different initial thrust levels. SPOOLDNF is used for the spool down of the
failed engine whereas an additional and identical subroutine, SPOOLDNR, is used for the spool down of
the remaining engines.

Different curves might be needed to simulate a failure to idle thrust and a failure to off. The failure state
(FAILST) would be used to distinguish between the different curves. Different curves might be needed if
an engine failure started from military thrust or maximum continuous thrust instead of maximum thrust or
takeoff rated thrust. The power code (PWRCODE), engine group (ENGGRP) or engine multiplicative
factor (XENG) variables could be used to accomplish these simulation variations.

Engine failures occurring in different positions can be simulated using the engine failure group (FAILGRP)
variable. This would allow different engine curve lookups for an outboard engine inoperative or an inboard
engine inoperative. This variable is user-definable.

Refused Takeoffs 5



CONTINUED TAKEOFFS

The continued takeoff maneuver is identical to the takeoff maneuver with the following exceptions. An
engine failure occurs at the engine failure speed (VKFAIL). The engine failure speed must be less than the
liftoff speed. The minimum control groundspeed (VKMCG) can be used as a trigger speed to adjust engine
thrust if desired. The VKMCG variable might be used to trigger the variable XENG to be changed to
XENG + 1 on a four-engine aircraft performing a three-engine takeoff. Two engines would be used from
brake release to the ground nmnmum control speed and then changed to three engines above that speed.
This option was used on the B-IB TOLAND program to aid in developing a three-engine takeoff capability
and is an uncommon use of the program.

Engine failures can be simulated with one of three methods. The simplest method is an abrupt engine
failure where the thrust loss is instantaneous. This is accomplished by setting the engine failure mode
(FAILMOD) to 'SEIZE' and the delta time for engine failure (DTFAIL). These are the default settings for
the program. The second method is a linear loss of thrust over a time interval. This is accomplished by
setting the engine failure mode (FAILMOD) to 'SPOOL' and the delta time for engine failure (DTFAIL) to
desired value in seconds.

The third method is a loss of thrust using a user-provided subroutine SPOOLDNF. This is accomplished by
setting the engine failure mode (FAILMOD) to 'SPOOL' and the delta time for engine failure (DTFAIL) to
0.0. Subroutine SPOOLDNF might consist of a curve or set of curves or an exponential equation or set of
exponential equations. A set of curves or a set of equations might be used to distinguish between different
failure states and different initial thrust levels. SPOOLDNF is used for the spool down of the failed engine
whereas an additional and identical subroutine, SPOOLDNR, is used for the spool down of the remaining
engines. SPOOLDNR would not be executed for a continued takeoff.

Different curves might be needed to simulate a failure to idle thrust and a failure to off. The failure state
(FAUSr) would be used to distinguish between the different curves. Different curves might be needed if 0
an engine failure started from military thrust or maximum continuous thrust instead of maximum thrust or
takeoff rated thrust. The power code (PWRCODE), engine group (ENGGRP) or engine multiplicative
factor (XENG) variables could be used to accomplish these simulation variations.

Engine failures occurring in different positions can be simulated using the engine failure group (FAILGRP)
variable. This would allow different engine curve lookups for an outboard engine inoperative or an inboard
engine inoperative. This variable is user-definable.

6 Continued Takeoffs



SA



NAMELIST DESCRIPTIONS

This section describes the namelists and variables for input to the TOLAND program. Namelist DATA is
used for the primary aircraft program inputs whereas namelists TKO and LND ae used for the primary
inputs to takeoff and landing maneuvers repectively. Namelist ROI. is used for the primary inputs to the
decelera&g ground roll segment of a refused takeoff or a landing maneuver. Namelists DATA2, TKO2,
LND2 and ROL2 ame used for secondary or auxiliary inputs. These namelists am used to separate the

rimary inpu from the secondary inputs for ease of us and clarity. These secondary inputs would contain
vaaes which mae used infrequently or not at all by most users. Namelist TKOARY is used for inputs to
flap and thrust vectoring schedules during a takeoff maneuver. Table 3 indicates the required namelist
inputs for eoch maneuver.

Table 3
NAMEUSTS

Namehot Takeoff Lmdi• Refused Takeoff Continued Takeoff
DATA X X X X
DATA2 X X X X
TKO X X X
TKO2 x X x

TKOARY X X X
LND X

LND2 X

ROL X X
ROL2 X X

. Nanelist DATA

CGPCT is the longitudinal position of the center of gravity as a percentage distance of the mean
aerodynamic chord aft from the leading edge of the wing. The default for CGPCT is user defined in
subroutine FORCEX. This input is required only if the aerodynamics are provided as a function of
longitudinal position of the center of gravity.

DADTCMD is the commanded angle of attack rate. It is the rate at which the aircraft rotates during the
takeoff maneuver. DADTCMD affects the rate of convergence to target pitch attitudes and target airspeeds.
The default for DADTCMD is 2.5 degrees per second.

DTEMPF is the delta temperature from standard day in degrees Fahrenheit. The default for DTEMPF is
0.0 degree Fahrenheit

FLAP is the current flap deflection in degrees during program execution. The default for FLAP is
-1.0 degree. This default value allows FLAP to be set from FLPPCT. FLAP is a required input if FLPPCT
is not used.

GAMMARW is the slope of the runway in degrees. The default for GAMMARW is 0.0 degree.

GWTO is the initial gross weight in pounds. GWTO is a required variable; there is no default.

HCLEAR is the obstacle clearance height in feet. The default for HCLEAR is 50.0 feet.

Namnelist Descriptions 7



HRUNWAY is the press=e altitude of the runway in feet. The default for HRUNWAY is 0.0 feet.

VKWIND is the headwind component of wind speed in knots. Tailwinds are input using negative headwind
components. The default is 0.0 knot (no wind).

Namelist DATA2

AOA3PT is a angle of attack for a 3-point attitude in degrees. The default for AOA3PT is 0.0. This
variable is not required.

CONFIG is a number representing the configuration of the aircraft. This floating point variable is a user
definable input. This variable is not required.

DCDX is the user drag coefficient increment. The user may alter the drag coefficient (CD) by adding or
subtracting a delta drag coefficient increment. The default for DCDX is 0.0000.

DCLX is the user lift coefficient increment. The user may alter the lift coefficient (CL) by adding or
subtracting a delta lift coefficient increment. The default for DCLX is 0.0000.

DTFAIL is the delta time for the failed engine to lose thrust by the thrust level defined by XENGFLD.
Thrust and fuel flow decrease linearly over the time interval DTFAIL. The default for DTFAIL is
0.0 second.

DTAME is the Runge-Kutta numerical integration step size in seconds. The default for DTIME is
0.10 second. This variable controls the accuracy of the integrated variables.

ENGGRP is the operating engine group. It is a user definable three-character string variable whose
contents define which engines are operating during a maneuver. Examples of ENGGRP are 'AEO', 'OEF,
"IEIW, and 'AEr which correspond to all engines operating, outboard engine inoperative, inboard engine
inoperative and all engines idling respectively. The default for ENGGRP is 'AEO' for all takeoffs and 'AEr
for all landings.

EPR is engine pressure ratio. This parameter can optionally be used to input engine thrust levels to the
program or can be used as a variable which contains the current value of Engine Pressure Ratio. The
default for EPR is 0.0.

FAILGRP is the fail engine group. It is a user definable three-character string variable whose contents
define the state of the engines after an engine failure or failures. The default for FAILGRP is 'OE', an
outboard engine inoperative.

FAILMOD is the engine failure mode. It is a five-character string variable whose contents define the mode
of the failed engine. Usually, only two states are used, 'SEIZE and 'SPOOL'. The default for FAILMOD is
'SEIZE'.

FAILST is the engine failure state. It is a four-character string variable whose contents define the state of
the failed engine. Usually, only two states are used, IDLE' and 'OFF ', however, for aircraft with
afterburners the state MIL ' is available. These states are quantified by the variables XIDLE, 0.0, and
XMIL, respectively. The values of XIDLE and XMIL are initialized in subroutine FORCEX. The default
for FAILST is IDLE'.
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PGPCT is the gross thrust percentage increment. The user may increase the net thrust by a given percentage
using this input variable. The default for FGPCT is 0.0 percent. For example, with FGPCT set to -3.5, the
variable THRUST is multiplied by 0.965.

FLPPCT is the current flap percentage setting during program execution. This variable provides the user an
additional method of entering flap deflection into the program. The default is user defined in subroutine
FORCEX. For example, FLPPCT could be set to 50.0. The user would provide a method of initializing the
FLAP variable to the corresponding value for 50 percent flaps. This variable is not required.

FLT is the flight number. It is a floating point variable available to the user for management and tracking of
data. The default for FLT is 0.0. This variable is not required.

FLTNDX is the flight index. This floating point variable is a user definable input. It is not passed through
any program supplied common blocks. This variable is not required.

IDBUG is the UFTAS debug code. It can provide debug information concerning the UFTAS random
access curve file subroutines. The default for IDBUG is 0.

IDEBUG is the TOLAND debug code. This code is user definable; it can be used to output debug data
from the user provided subroutines. Two values for JDEBUG are already used within the program.
JDEBUG = 9999 for full debug output and JDEBUG = 6666 for special landing and ground roll debug
output for refused takeoffs. The default for JDEBUG is 0.

LOADING is a number representing the external store loading of the aircraft. This integer variable is a user
definable input. This variable is not required.

LUMSG is the logical unit for message output. It is an integer variable which determines which file certain
program messages are written to. The messages that can be re-routed come from the debug output as well
as UFTAS random access curve file subroutines. The default for LUMSG is LUOUT.

PWRCODE is the aircraft power code. It can describe the thrust settings to which all the aircraft engines
are set. The default for PWRCODE is user defined in subroutine FORCEX.

RC is the engine thrust rating code. It can describe the thrust setting to which an engine deck or a
curve file based on an engine deck is set during a simulation. The default for RC is user defined in
subroutine FORCEX.

REVFLAG is the reverse thrust flag. This flag is set to .TRUE. when reverse thrust is to be enabled for a
simulation. The default for REVFLAG is .FALSE.

ROLLMU is the rolling coefficient of friction. The default for ROLLMU is 0.025 and is based on

MIL-C-00501 1B. (Reference 3)

SPDBRKO is the initial speed brake deflection in degrees. The default for SPDBRKO is 0.0.

THRCRV is the thrust curve type. It is a three-character input variable that is used to describe the type of
Thrust Curve to be utilized. This input variable allows the program to distinguish between Thrust Curves
containing different independent (Input) variables. Examples of THRCRV are VC, (rating code), PLA,
(power lever angle) and 'EPR!, (engine pressure ratio). The default for THRCRV is user defined in
subroutine FORCE.

VKMCG is the minimum control airspeed on the ground. It is an input variable used to trigger a spoolup of
an operating but asymmetric engine. For example, it would be used in the case of a three-engine takeoff of
a four-engine aircraft whose nose wheel steering was not sufficient to maintain directional control with full
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or partial asymmetric thrust. VKMCG is not used to fail an engine; use VKFAIL. The default for VKMCG
is 0.0 knot calibrated airspeed.

XENG is the engine multiplicative factor. Total engine parameters (e.g. net thrust, fuel flow) are defined by
their corresponding per engine values multiplied by XENG. This variable is not an integer variable and is
not the number of engines. It is a floating point variable that is used with M agi values of thrust and
fuel flow. This allows the program to represent values of partial engine thrust to transition from one thrust
setting to another. The default for XENG is user defined in subroutine FORCEX.

XENGFLD is the failed engines multiplicative factor. This variable is not an integer variable and is not the
number of failed engines. It is a floating point variable that is used with M sagim values of thrust and fuel
flow. This allows the program to represent engine values of a partial failed engine (e.g. afterburner). If
XENGFLD is not equal to 1.0, FARIST must be set to -NULL'. FALS overrides XENGFLD. The
default for XENGFLD is 1.0.
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Namelist TKO

HGEAR is landing gear retraction height in feet above the takeoff point. The default for HGEAR is
205 feet.

HMAX is the termination height limit in feet above the takeoff point for the takeoff simulation. The
simulation will end if this limit is reached. The default for HMAX is 1000 feet

THTCLM is the pitch attitude the simulation tracks after liftoff but before reaching HCLIMB feet altitude
above the takeoff point. The default for THTCLM is 10 degrees.

THTROT is the pitch attitude the simulation tracks after rotation but before liftoff. In general, the aircraft
will liftoff before reaching THTROT and will continue to rotate to THTCLM. The default for THTROT is
10 degrees.

VKFAIL is the engine failure airspeed in knots. The default for VKFAIL is 0.0 knot calibrated airspeed
which is defined as no engine failure.

VKROTAT is the rotation airspeed in knots. The default for VKROTAT is 0.0 knot calibrated airspeed.
The simulation will rotate the aircraft without regard to actual aircraft horizontal tail authority; TOLAND
does not define moments about the aircraft center of gravity.

Nanelist TKO2

DISTMAX is ground distance limit for the takeoff simulation. The simulation will end if this limit is
reached. The default for DISTMAX is 60,760 feet, or ten nautical miles.

HCLIMB is the height in feet above the takeoff point at which the takeoff simulation switches from tracking
a constant pitch attitude (THTCLM) to tracking a constant calibrated airspeed (VCLMOUT). The default
for HCLIMB is 100 feet.

HCLMOUT is the height in feet above the takeoff point at which the takeoff simulation switches from
tracking a constant calibrated airspeed (VCLMOUT) to tracking a constant pitch attitude (THTFLY). The
default for HCLMOUT is 200 feet.

ROLLMAX is the takeoff ground roll time limit. The simulation will end if this limit is reached. The
default for ROLLMAX is 120 seconds.

THWrY is the pitch attitude the simulation tracks after reaching HCLMOUT feet altitude above the
takeoff point. The default for THTFLY is 8 degrees.

THTIOL is the pitch attitude tolerance the simulation tracks to. The simulation tracks to the target pitch
angle within plus or minus THTIOL degrees; after which no pitch adjustment is made. The default for
THTrOL is 0.10 degree.

TIMEMAX is the time limit for the takeoff simulation. The simulation will end if this limit is reached. The
default for TIMEMAX is 300 seconds.

TKOTYPE is the takeoff type. It is a seven character input variable that is used to describe the type of
takeoff as either 'STATIC or ROLIJNG'. This input variable allows the program to distinguish between
the thrust settings of either a static or rolling takeoff independently of the VKSTART input variable. The
default for TKOTYPE is 'STATIC.
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VCLMOUT is the calibrated airspeed (in knots) the simulation tracks after reaching HCLIMB feet altitude
above the takeoff point but before reaching HCLMOUT feet altitude above the takeoff point The default
for VCLMOUT is the calibrated airspeed reached at HCLJMB feet altitude above the takeoff point.

VKEND is the simulation end airspeed in knots. The default for VKEND is 250 knots calibrated airspeed.

VKFLAP is the calibrated airspeed at which the flaps are retracted. The default for VKFLAP is the flap
limit airspeed, VKFLPMX. The flap limit airspeed, VKFLPMX, is a hard coded value user defined in
subroutine FXXAERO'.

VKSTART is the simulation start groundspeed in knots. This input variable allows the user to simulate
takeoffs where there is a given groundspeed at the time the aircraft is aligned on the centerline of the
runway. For example, rolling minimum interval takeoffs (MITOs) frequently roll onto the centerline of the
runway without stopping. The default for VKSTART is 0.0 knot.

1

12 Namelist Descrptions



Namelist TKOARY

This namelist contains parameters that are not required.

FLPARY is the flap deflection array. This array contains five elements. This array allows the user to enter
in a flap deflection schedule as a function of calibrated airspeed. At each airspeed contained in the flap
deflection airspeed array (VFLPARY), the takeoff simulation changes the flap deflection, FLAP, to the
corresponding flap deflection contained in the flap deflection array (FLPARY) at a rate of DFLAPDT
degrees per second. The flap deflection rate (DFLAPDT) is provided by subroutine ¶FXXAERO' which is
the user provided subroutine called by subroutine FORCEX. If the last element of FLPARY is not 0.0, the
simulation will retract the flaps to 0.0 degree at the calibrated airspeed contained in the last element of
VFLPARY or at VKFLPMX which ever is less. The default for the elements of FLPARY &e 0.0, 0.0, 0.0,
0.0, 0.0. At this default setting, the takeoff simulation does not change the flap deflection until the flap
retraction speed (VKFLAP) or the maximum flap deflection airspeed (VKFLPMX) is reached.

VFLPARY is the flap deflection airspeed array. This array contains five elements. This array allows the
user to enter in a flap deflection schedule as a function of calibrated airspeed. At each airspeed contained in
the flap deflection airspeed array (VFLPARY) the takeoff simulation changes the flap deflection (FLAP) to
the corresponding flap deflection contained in the flap deflection array (FLPARY) at a rate of DFLAPDT
degrees per second. The flap deflection rate (DFLAPDT) is provided by subroutine TOXXAERO which is
the user provided subroutine called by subroutine FORCEX. If the last element of FLPARY is not 0.0, the
simulation will retract the flaps to 0.0 degree at the calibrated airspeed contained in the last element of
VFLPARY or at VKFLPMX which ever is less. The default for the elements of VFLPARY are 0.0, 0.0,
0.0, 0.0, 0.0. At this default setting, the takeoff simulation does not change the flap deflection until the flap
retraction speed (VKFLAP) or the maximum flap deflection airspeed (VKFLPMX) is reached.

HVCTARY is the vectored thrust altitude array. This array contains five elements. At each altitude
contained in the vectored thrust altitude arry, HVCTARY, the takeoff simulation changes the vectored
thrust angle (VTANGLE), to the corresponding vectored thrust angle contained in the vectored thrust angle
array (XNUARY) at a rate of DVECTDT degrees per second. The vectored thrust angle rate (DVECIDT)
is provided by subroutine 'PXXENG' which is the user provided subroutine called by subroutine FORCEX.
If both the HVCTARY and VVCTARY arrays are used, the HVCTARY array takes precedence. The
default for the elements of HVCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting, the takeoff
simulation does not change the vectored thrust angle.

VVCTARY is the vectored thrust airspeed array. This array contains five elements. At each calibrated
airspeed contained in the vectored thrust airspeed array (VVCTARY) the takeoff simulation changes the
vectored thrust angle (VTANGLE) to the corresponding vectored thrust angle contained in the vectored
thrust angle array (XNUARY) at a rate of DVECTDT degrees per second. The vectored thrust angle rate
(DVECDT) is provided by subroutine "FXXENG' which is the user provided subroutine called by
subroutine FORCEX. If both the HVCTARY and WCTARY arrays are used, the HVCTARY array takes
precedence. The default for the elements of VVCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting,
the takeoff simulation does not change the vectored thrust angle.

XNUARY is the vectored thrust angle array. This array contains five elements. At each altitude contained
in the vectored thrust altitude array (HVCrARY) or at each calibrated airspeed contained in the vectored
thrust airspeed array (VVCTARY) the takeoff simulation changes the vectored thrust angle (VTANGLE) to
the corresponding vectored thrust angle contained in the vectored thrust angle array (XNUARY) at a rate of
DVECTDT degrees per second. The vectored thrust angle rate (DVECTDT) is provided by subroutine
FXXENG' which is the user provided subroutine called by subroutine FORCEX. If both the HVCTARY
and VVCTARY arrays are used, the HVCTARY array takes precedence. The default for the elements of
WCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting, the takeoff simulation does not change the
vectored thrust angle.
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Namest LND

ALPHA is the angle of attack in degrees during approach. The program will determine the calibrated
airspeed (VKAPP) for the approach if ALPHA is input ALPHA or VKAPP are required variables; there
are no defaults.

GAMMAPP is the flightpath angle in degrees (negative for a descent) during approach. The default for
GAMMAPP is -3.0 degrees (descending).

HFLARE is the height in feet above the touchdown point of the runway at which the simulation initiates a
flare. The default for HFLARE is 0.0 feet (no flare).

SINKTD is the sink rate at touchdown. The default for SINKTD is 10.0 feet per second.

VKAPP is the calibrated airspeed in knots during the approach. The program will determine the angle of
attack (ALPHA) for the approach if VKAPP is input. VKAPP or ALPHA are required variables; there are
no defaults.

Namelist LND2

DTDTMX is the maximum pitch rate during the flare simulation in degrees per second. The default for
DTDTMX is user defined in subroutine FORCEX.

SPLFLAG is the spoiler flag. The flag is set to .TRUE. to initialize the simulation with the spoilers
deployed. The default for SPLFLAG is FALSE. (spoilers retracted).

WRXTIrR is the write flart iterations flag. This flag is set to .TRUE. when the user desires output on each
flare iteration executed from subroutine FLARENZ. The default for WRTTR is .FALSE.
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Namelist ROL

BRAKMU is the braking coefficient of friction. This input parameter would be used if the braking
coefficient selector (IMU) is set to 0 (corresponding to a constant BRAKMU). The default for BRAKMU
is 0.250.

IMU is the braking coefficient selector. The default selections for IMU are corstant braking coefficient
(BRAKMU), 0; user supplied curve file lookup, 1; generic dry runway braking coefficient, 2; and generic
wet runway braking coefficient, 3. The default for IMU is 0, which corresponds to a constant braking
coefficient of friction. For IMU=I, BRAKMU might be looked up as a function of weight on wheels,
groundspeed and runway condition reading (RCR). The default for BRAKMU is 0.250.

RCR is the runway condition reading. It can be used as an input to determine the variable BRAKMU. The
default for RCR is user defined in subroutine GENMU.

Namelist ROL2

AOAABRK is the angle of attack for aerobraking during the landing ground roll if the calibrated airspeed is
greater than VKABRK knots calibrated airspeed. The default for AOAABRK is 0.0 degree ,no
aerobraking).

BRKFCTR is the braking factor. It is a multiplicative factor applied to BRAKMU, the braking coefficient
of friction. It allows the user to adjust the coefficient of friction during braking without recompiling code.
This input parameter would normally be used if the braking coefficient selector (IMU) was not set to 0.
The default for BRKFCTR is 1.0.

TIMEBRK is the braking time delay in seconds between the time touchdown has occurred and the time
the brakes are applied for a landing maneuver. It is also the braking time delay between the time an engine
has failed and the time the brakes are applied for a refused takeoff maneuver. The default for TIMEBRK is
3.0 seconds.

TIMEFLP is the flap retraction time delay in seconds between the time touchdown has occurred and the
time the flap retraction initiation has occurred retracting for a landing maneuver. It is also the flap
retraction time delay between the time an engine has failed and the time the flap retraction initiation
has occurred for a refused takeoff. The default for TIMEFLP is 999.0 seconds; essentially the flaps are
not retracted.

TIMEIDL is the idle thrust spool down time delay in seconds between the time an engine has failed and the
time a spool down to idle has been initiated on the remaining engine(s) for a refused takeoff. This
parameter has no effect during a landing because the engines - in idle during the flare. The default for
TIMEIDL is 3.0 seconds.

TIMEREV is the reverse thrust time delay in seconds between the time touchdown has occurred and the
time the thrust reverser deployment initiation has occurred for a landing maneuver. it is also the reverse
thrust time delay between the time the remaining engine(s) has spooled down to idle and the time the thrust
reverser deployment initiation has occurred for a refused takeoff maneuver. The default for TIMEREV is
0.0 second.

TIMESBK is the speedbrake deployment time delay in seconds between the time touchdown has occurred
and the time the speedbrake deployment initiation has occurred for a landing maneuver. It is also the
speedbrake time delay between the an engine has failed and the time the speedbrake depi ,ment initiation
has occurred for a refused takeoff maneuver. The default for TIMESBK is 0.0 second.
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TIM ,SPI tis speoder deploymea tu delay ian seconds between the tune touchdown has mccwred and
h turm the spodler depklnm unation has occurred for a landing maneuver. It is also the spoiler time

delay bar-tso the engine has filed and the time the spoiler deployment initiation has occurred for a
refined tadeoff nmeuver The default for T[MESPL is 0.0 second.

VKABi.K is the cahlbrated aaspeed during the landing ground roll that aemobraking is stopped and
the &ae of anack (wblch is the same as pitch angle during the ground roll) is lowered from AOAABRK to
00 degree. The defauth for VKABRK is 0.0 knot calibrated airspeed (no aerobraking).

VKBRAKE ts the wheel braking airspeed in knots. Wheel braking is initiated after the calibrated airspeed
is leu than VKBRAKE. Tw de-fault for VKBRAKE is 999.0 knots calibrated airspeed.
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OUTPUT DESCRIPIUONS

This section describes the output provided by the TOLAND program.

Takeoff and Continued Takeoff Output

For each set of namelist inputs provided, the program echoes many of the input variables back to the output
file. Then the core of the program output is written. This core consists of the following variables listed in a
table from left to right: elapsed time (TIME), ground distance (GDIST), gross weight (GWT), altitude
above ground level (HAGL), knots calibrated airspeed (VKCAS), knots true airspeed (VKTAS), knots arue
groundspeed (VKTGS), acceleration along flightpath or ground track (FPACCEL or ACCEL), lift
coefficient (CL), drag coefficient (CD), pitch attitude (THETAF), angle of attack (ALPHA), flightpath
angle (GAMMA), time rate of change of angle of attack (DADT), rate of climb (ROC), normal load
factor (XLF), net thrust (THRUST), and the engine multiplicative factor (XENG). The core data is
repeated once every 10 DTIME seconds. However at rotation, liftoff, and the obstacle clearance height the
data is also listed.

After the core output is written, summary information about the takeoff is output. This summary
information consists of flight number (FLT), initial gross weight (GWT0), user drag coefficient increment,
(DCDX), net thrust percentage increment (FGPCT), ground minimum control airspeed (VKMCG), original
flap setting (FLAPO), delta temperature from standard day (DTEMPF), user lift coefficient increment
(DCLX), the failure state (FAILST), and the operating engine group (ENGGRP).

Refused Takeoff Output

The output for refused takeoffs is identical to that for takeoffs and continued takeoffs with the following
exception: the coefficient of friction (XMU), is substituted for the engine multiplicative factor (XENG),
during the decelerating portion of the ground roll.

Landing Output

The core output for landings is identical to that for takeoffs and continued takeoffs with the following
exceptions: the time rate of change in pitch attitude (DTDT), is substituted for the time rate of change in
angle of attack (DADT), during the approach and flare portion of the landing; and the coefficient of friction
(XMU), is substituted for the engine multiplicative factor (XENG), during the decelerating portion of the
landing ground roll.

After the core output is written, summary information about the landing is output. This summary
information consists
of the distance over
an HCLEAR foot
obstacle, air distance,
ground roll distance,
pre-flare distance,
flare distance, and
average deceleration.
Figure 1 defines
these distances for

-PnM Distane - Fe Dtub=e G d Rol Dom= - a landing with the
obstacle clearance

Ai height (HCLEAR),
Ditm Over An HQLEAR Foot Obftcle greater than the flare

Figure I Low Flare Landing Distance Definitions height (HFLARE); a
low flare landing.
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Figure 2 defines these distances for a landing with the obstacle clearanc height (HCLEAR), less than the
flare height (HIFLARE); a high flare landing. In addition, flight number (FLT), user drag coefficient
increment (MCDX), delta temperature from standard day (DTEPF), 1,aking multiplicative factor
(BRKFCTR), user lift coefficient increment (DCLX), and original flap setting F-LAPO) are also output.

L Distnc Over An HCLEAR Foot Obstacle Ground Roll Distanc

Flare Distance

Figure 2 High Flare Landing Distance Definitions
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PROGRAM STRUCTURE

This section describes the structural layout of the TOLAND program.

All execution begins and ends with the main program. Namelist inputs are read and parametr initializaton
are performed first. Curve file initialization is then performed (if applicable). Program execution then
branches to one of two control subroutines, TAKOFF or LANDNG, as shown in Figure 3. For takeoffs,
refused takeoffs or continued takeoffs, execution branches to subroutine TAKOFF. For landings, execution
branches to subroutine LANDNG.

mein hop
TOLAND

I
Own Ne Idaiin

Figure 3 Takeoff and Landing Program Structural Layout

Control is passed to subroutine TAKOFF for takeoffs and to subroutine LANDNG for landings. Control is

S~first passed to subroutine TAKOFF for refused takeoffs, until engine failure when control is passed to
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subroutine ROLL. After the maneuver is complete, program execution returns to the mai program. The
main program then either reads another set of namelist inputs or terminates execution.

Within subroutine LANDNG, program execution passes to subroutine STEDYST to determine the steady-
state conditions for the landing approach. After that is accomplished, program execution is passed to
subroutine FLARENZ where the constant normal load factor for the flare (if any) is determined through
multiple calls to subroutine FLARE. Program execution then passes to subroutine APPROCH (if the
obstacle clearance height (HCLEAR) is greater than the flare initiation height (HFLARE)) or subroutine
FLARE (if the obstacle clearance height (HCLEAR) is less than or equal to the flue initiation height
(-FLARE)). After touchdown, program execution passes to subroutine ROLL until the end of the ground
roll. Program execution then passes back to subroutine LANDNG and then to the main program. The main
program either reads another set of namelist inputs or terminates execution.

Runge-Kutta numerical integration is performed from only subroutines TAKOFF, FLARE, and ROLL. The
integrator subroutine INRX determines the acceleration from one of equations of motion subroutines,
DERIVORG DERIVAT, or DERIVAL. The force coefficients for the equations of motion are provided by
subroutine FORCEX. FORCEX calculates the force coefficients from the lift and drag coefficients
provided by subroutine 'FXXAERO' and from thrust provided by subroutine 'FXXENG'. The associations
of these subroutines are shown in Figure 4.

TAKOlq •AR ROLL

Ground RollA

EqaiosOf Moton :AIO
L . . M 

F R M -Ot

Equatiosf Mto

Equatios Of Motion
DOWIAT

DWR."AL

Figure 4 Takeoff and Landing Program Major Subroutine Associations
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SUBROUTINE DSCCRIPIONS

This section describes the subrou•nes ad functions of the TOLAND program.

Table 4
SUBROUIfiNE USAGE

C Conditional
- - execution of

NIAL PP subroPine
FRETRAC1  PC PIC PC P.C 0 Optional

RETRAG2  PC - plC sub-routine-

ITCH P P P P notareqred

POIL P Program provided
VECTOR 0 0 0 0 sUbrouine

-U User provided
I"AOF _ P P __________n

LANDNG P_
YS' P NOTES:

______ P I . FRERAC is
-P called only when

E P the flap setting is
changed.

_OLL , P P 2. GRETRAC is
INTX P P P P____called only when
DERIVGR P P P P _ear is retacted.
DERIVAT P P 3. SPOIL is called
DERIVAL P only when the

ERROR' PC PC spoiler setting is
HALT P P P P changed.
ATMOSPH P P P P 4. FLARENZ is
ITRLND P called when

DGDT P HPLA__E is grer

DVDT p than 0.
DVTDH P ,5. APPROCH isDADH P called when
DATDH __ _HCLEAR is greater
D D E L T D H - P _ _ _ _ _ _ _ _ _ _ _

INTERP P P P P 6. ERROR is called
ZROX - P , when the equations of
INICURV U U U U motion subroutine is
FORCEX U U U U unable to find a

'FXXAEROM U U U U solution.
REFFECT U U U U 7. SPOOLUP,
IFXXENG' U U U u SPOOLDNF, or

uPOUP7  UC U-C UIC U SPOOLDNR is
7 UCUcalled when

O F7  IU UC ,uc Cthrottle transient is
R7  UC U,C UUC performe.

_ _ U,C Uc _

Table 4 shows which subroutines are executed for which maneuver. Conditional subroutines are executed only
if the certain conditions e met. See notes (1-7). The optional subroutine TVECTOR is not required if thrust
vectoring is no used. Program provided subroutines ae intended to be used without modifications. User
provided subroutines have program supplied templates for easy modification.
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User Provided Subroutines

Some of the following subroutines must be modified for a particular aircraft. For aircraft simulations using
random access curve files, subroutine INICURV must be modified to contain the architecture of the user's
curves and initializes the appropriate arrays in common blocks VALUES and TABLES. Subroutine
FORCEX requires initializing certain aircraft unique constants within a DATA statement and using the
proper calling arguments in calls to subroutines 'FXXAERO' and 'FXXENG'

Subroutine 'FXXAERO' must return lift coefficient (CL), and drag coefficient (CD) to subroutine FORCEX.
At least the lift coefficient must be a function of angle of attack (a); this program is angle of attack driven.
Subroutine GEFFECT can be used for ground effect increments to the lift and drag coefficients. A sample
subroutine is provided that includes Dr. E K Parks increment equations.

Subroutine 'FXXENG' must return gross thrust (FG), propulsive drag (FE), and fuel flow (Wf /dt) to
subroutine FORCEX. Samples of subroutines SPOOLDNF, SPOOLDNR, and SPOOLUP are provided as
guides to the user for simulating throttle transients.

Subroutine GENMU must return the braking coefficient (BRAKMU). A sample is provided as a guide to
the user showing a variety of methods which produce braking coefficient

Subroutine INICURV
This subroutine initializes the names, tables and value names of the random access curve files. This
subroutine opens the appropriate curves as needed. This subroutine has no calling arguments and contains
common blocks: FLAGS, CHARV, CINDEX, RACURV, VALUES, and TABLES.

Subroutine FORCEX
This subroutine calculates the total force coefficients along and normal to the flightpath. Equations of
motion defining the force coefficients are shown in Appendix A. The force coefficients are calculated with
the lift and drag coefficients supplied by subroutine 'FXXAERO' and with thrust supplied by subroutines
'FXXENG', SPOOLDNF, SPOOLDNR and SPOOLUP.

Subroutine FORCEX should require only the following modifications:

1) Initialization of the DATA statement providing values for AlT, AOA3PT, AR, B, CGPCT,
CLALPH, CONFIG, DTDTMX, FLAP, FLPPCT, HZ, LOADING, NENG, PWRCODE,
RC, SWING, THRCRV, THTMAX, XIDLE, and XLFMAX. DTDTMX and XLFMAX is
only required for the flare portion of landings. AR. B, CLALPH, and HZ are variables used
only in detennining ground effect increments to the aerodynamic models. CONFIG and
LOADING are optional user-definable variables. PWRCODE, RC, and THRCRV are optional
user-definable variables for distinguishing power settings and switching between different
engine curves.

2) Changing the calling statement for subroutines 'FXXAERO' and 'FXXENG' to the user
provided names with the appropriate calling arguments.

This subroutine has the calling arguments: ALPHA, CD, and CL; and contains common blocks: CTRL,
AIRCRFT, AERO, ENGINE, AIRBORN, AIRSPED, FLAGS, and CHARV.

Subroutine FXXAERO'
This subroutine calculates or performs a table lookup to determine the lift and drag coefficients for the
aircrafL This subroutine and its name are provided by the user. For example, this subroutine might be
called F22AERO for the F-22. The calling arguments are user defined but might be ALPHA, AMACH, CL,
CD, FLAP, SPOILER, VKCAS and XENGOUT. The subroutine might contain common blocks: CTRL,
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AMRCRF, AIRSPED, RUNWAY, FPINTEG, ATMOS, FLAGS, CHARV, RACURV, VALUES
and TABLES.

Subroutine GEFFECI'
This subroitime supplies the grond effect increments to the aerodynamic coefficients. The generic subroutine
provides predicted ground effect equations which can be modified by the user for a particular aircraft. The
calling arguments are user defined but might be CL, HAUL., DCLGE and DCDGE. The subroutine might
contain common blocks: AIRCRFr, AERO, CONST, and CHARV.

Subroutine "PXXENG'
This subroutine calculates or performs a table lookup to determine the net thrust and fuel flow for the aircraft.
This subroutine and its name are provided by the user. For example, this subroutine might be called F22ENG
for the F-22. The calling arguments are user defined but might be ALPHA, AMACH, PWRCODE, QS,
VKCAS, XENG, FE, FG, THRUST, WFUEL and EPR. The subroutine might contain the common blocks:
CTRL, VECTOR, RUNWAY, FPINTEG, ATMOS, CONST, FLAGS, CHARV, RACURV, VALUES and
TABLES.

Subroutine SPOOLUP
This subroutine determines the ratio of thrust to takeoff rated thrust during a rolling takeoff using subroutine
TABINT and data aray SPOOLA. This is accomplished by passing the engine multiplicative factor, XENG,
back to the calling subroutine. This subroutine is just an example and does not apply to all aircraf This
subroutine has the calling arguments: ENGNDX, TIME, XENGTRN, XENG0, SPOOL and XENG; and
contains no common blocks.

Subroutine SPOOLDNF
This subroutine determines the engine multiplicative factor for a failed engine during a throttle chop to idle or a
fuel cut using subroutine TABINT and data array SPOOLA. This subroutine is just an example and does not
apply to all aircraft. This subroutine has the calling arguments: TIME, XENGEND, XENGTRN, SPOOL,
XENG, and LUMSG and contains the common block: CHARV.

Subroutine SPOOLDNR
This subroutine determines the engine multiplicative factor for the remaining engines during a throttle chop to
idle or a fuel cut using subroutine TABINT and data army SPOOLA. This subroutine is just an example and
does not apply to all aircraft This subroutine has the calling arguments: TIME, XENGEND, XENGTRN,
SPOOL, XENG, and LUMSG and contains the common block: CHARV.

Subroutine GENMU
This subroutine provides the braking coefficient of friction. This subroutine has the calling arguments:
VKTGS, WTML, XMAIN, XNOSE and YCG; and contains the common blocks: CIRL, RUNWAY, CONST,
RACURV, VALUES, and TABLES. The user must provide values for XMAIN, XNOSE, and YCG. These
are all positive values which correspond to distances from the aircrafes center of gravity. XMAIN is the
horizontal distance from the main gear to the center of gravity. XNOSE is the horizontal distance from the
nose gear to the center of gravity. YCG is the vertical distance from the ground to the center of gravity.

Program Subroutines

Subroutine INITIAL
This subroutine initializes groups of variables. This subroutine has the calling arguments: GROUP, ALPHA,
FLAPO, GWT0, and SPDBRKO; and contains common blocks: CTRL, AIRCRFT, AERO, ENGINE,
VECTOR, AIRBORN, AIRSPED, RUNWAY, INIEG, FPINTEG, ATMOS, CONST, FLAGS, CHARV,
FLAPDAT, GEARDAT, VECTDAT, and RACURV.
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Subroutine FRETRAC
This subroutine controls the flap setting during flap retraction. This subroutine has the calling arguments:
FLAP, VKFLAP, and DFLAPDT; and contains common blocks: CTRL, FLAGS, and FLAPDAT.

Subroutine GRETRAC
This subroutine returns the value of the incremental drag of the landing gear, DCDLGR. The flag LGRFLAG
is available to add the incremental drag in subroutine 'FXXAERO'. This subroutine has the calling arguments:
DCDLGR, DTGEAR and HAGL; and contains common blocks: CTRL, FLAGS, and GEARDAT.

Subroutine PITCH
This subroutine modulates angle of attack to match an input pitch attitude or climb speed if limit conditions are
met The rate at which angle of attack is increased is based on normal load factor (XLF) and the commanded
alpha rate (DADTCMD), a user input. This subroutine has the calling arguments: MANUVR, ALPHA,
DADTCMD, DTIME, DTDTGEX, and LUOUT; and contains common blocks: AIRCRFT, AIRBORN,
FPINTEG, CONST and FLAGS.

Subroutine SPDBRAK
This subroutine controls speed brake deployment and retraction. This subroutine has the calling arguments:
ACTION, SPDBR,, SBKEND, and DSBKDT and contains common blocks: CTRL and FLAGS. The
possible values for action are 'RESET', 'DEPLOY', and 'RETRACT".

Subroutine SPOIL
This subroutine controls spoiler deployment and retraction. This subroutine has the calling arguments:
ACTION, SPOILER, SPLREND, and DSPLRDT and contains common blocks: CTRL and FLAGS. The
possible values for action are 'RESET', 'DEPLOY', and 'RETRACT'.

Subroutine TVECTOR
This subroutine controls the vectored thrust angle (VTANGLE). This subroutine has the calling
arguments: VTANGLE, HVECT, VVECT, and DVECTDT; and contains common blocks: CTRL, FLAGS,
and VECTDAT.

Subroutine TAKOFF
This subroutine controls the execution of the takeoff maneuver from brake release through climb out.
Subroutine TAKOFF calls INTX to perform numerical integration of the resultants of the equations of motion
and calls FORCE to obtain the force coefficients for the equations of motion. This subroutine has the calling
argument ALPHA; and contains common blocks: CTRL, AIRCRFr, AERO, ENGINE, AIRBORN,
AIRSPED, RUNWAY, INTEG, FPINTEG, ATMOS, CONST, FLAGS, CHARV, FLAPDAT, GEARDAT,
and VECTDAT.

Subroutine LANDNG
This subroutine controls the execution of the landing maneuver. LANDNG calls STEDYST to obtain required
values of thrust and angle of attack for a steady-state approach. LANDNG calls subroutine FLARENZ to
determine the normal load factor required to execute a flare at the desired sink rate at touchdown. LANDNG
call subroutine APPROCH to execute an approach down to the flare height (HFLARE) if the obstacle clearance
height (HCLEAR) is greater than HFLARE. LANDING calls subroutine FLARE to execute a flare and calls
subroutine ROLL for the ground portion of the landing. This subroutine has the calling argument ALPHA;
and contains common blocks: CTRL, AIRCRFT, AERO, ENGINE, AIRBORN, AIRSPED, RUNWAY,
INTEG, FPINTEG, ATMOS, CONST, and FLAGS.

Subroutine STEDYST
This subroutine calculates the required values of net thrust and angle of attack for zero acceleration along and
normal to the flightpath, dV, /dt and V(dy /dt) respectively when the flag, FINDV is set to .FALSE. It
calculates the required values of net thrust and calibrated airspeed for zero acceleration along and normal to
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td flightpaim, dV, Mt and Vdy fdt) respectively when the flag, FINDV is set to .TRU. Findin oe
of these two sets of values is accomplished by driving two functions of two independent variables to
zero simultaneously

f(FN,er) = dVr/dt = 0
g(I.NA) = Vg(dy/dt) = 0 for all non-zero positive values of V1, this reduces to
g(FN,a) = (dyl/dt) = 0

where: FN is net thrust
a is angle of attack

V, is calibrated airspeed
dV, Idt is the time rate of change of velocity along flightpath

dT/dt is the time rate of change of flightpath angle

Subroutine STEDYST starts generating the locus of f(FN,a) = 0 and g(FNwa) = 0, and then searches for values
of net thrust and angle of attack, or net thrust and calibrated airspeed, which satisfy the intersection of the two
loci within a tolerance bound. The output values of net thrust and angle of attack, or net thrust and calibrated
airspeed, are the required values for a steady-state approach.
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Figure 5 shows a typical plot of the dV, /dt and dy Idt functions, f and g, respectively. The values a., and FNa

are the desired values of angle of attack and net thrust The upper bound on thrust is the gross weight (GWT) *
divided by the engine multiplicative factor (XENG). The search for a, and o2 is made on the interval -a.<S <
an, i=-1,2. The eror is then defined to be the difference between a, and a 2 divided by a,. Subroutine
STEDYST then varies the value of net thrum until the error is driven to less than the subroutine tolerance, or o, -
412: . This tolerance value for a. , is 0.005 degrees until the number of iterations within the sibruine exceeds
25; then P, is raised to 0.010 degrees. The initial value of angle of attack is estimated based on the lift coefficient
where lift equals grows weight The initial value of net dhrust is estimated to be 1.06 times the sum of the drag at
the initial angle of attack and the excess thrust (net thrust). Net thrust is varied each iteration, until bounded, by the
following equation: FN,., = F. /1.05. Making this initial 1.1 times the net thrnst prevents the program searching in

areas where no solution to dV, ldt = 0 exists. For finding calibrated airspeed the process is identical. Calibrated
airspeed is substituted for angle of attack. However, the tolerance value for Vc, 4 is 0.001 knot until the number
of iterations within the subroutine exceeds 25; then F is raised to 0.005 knot

OC
f(fn4=0
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UaW
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Figure 5 Steady-State Approach Solution

Subroutine STEDYST has calling arguments: ALPHA, FPVTAS, GAMMAR, and FINDV; and contains
common blocks: CTRL, AIRCRFT, AERO, ENGINE, ATMOS, CONST and FLAGS. The mechanization of
subroutine STEDYST for determining THRUST and ALPHA is as follows. The outer loop varies THRUST,
while the two inner loops vary ALPHA from ALPHMX to - ALPHMX. For a fixed value of THRUST (outer
loop), functions DVDT (acceleration along the flightpath) and DGDT (acceleration normal to the flightpath),
are called with the values of ALPHA (inner loops). These two functions cail subroutine FORCEX. Subroutine
ITRLND and function ZEROX are both zero finders called from STEDYST. Once the values of net thrust are
bounded, function ZEROX locates the values within the boundaries to within a specified tolerance. The
tolerance for net thrust is based on 0.1 percent of the aircraft gross weight, or
5 pounds, whichever is greater.

The loop containing the call to ITRLND is exited successfully when search status variable, JFLAG, is set
internally by the subroutine to 3, or when the magnitude of the error is less than the tolerance value
(TOLRNCE). Variable JCOUNT stores the number of iterations which is limited to 25. 0
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Subroutine •LARENZ
This subroutine determines the normal load factor, n, of the flare maneuver. Subroutine FLARENZ calls
FLARE at various normal load factors until the sink rate at touchdown (SINKTD) is matched to within

EPSROC feet/minute. EPSROC
is hard-coded at 0.5 feet/minute.
When FLARENZ is first called,
the initial guess for normal load
factor is determined by assuming
the flare is using the following

R yapp simplified trajectory. The flare
app trajectory is estimated by a

constant normal load factor (n.)
constant airspeed circular arc
starting at the flare height

y (HFLARE), flightpath angle
TD (GAMMAPP), and approach

speed (VKAPP). The end of the
T arc is defined by the sink rate at

touchdown (SINKTD), and the
h approach speed (VKAPP).

Figure 6, shows a diagram of
-=--, the flare. The flare height can

S7TD be defined as a function of
the flare radius (R) and the

Figure 6 Initial Flare Load Factor Determination flare radius can be represented
using the circular centripetal
acceleration equation:

hn, = YT - Yw = Rcosyro - Rcosy, = R(cosrn - cosyp) (1)

a. =V V 2/R = g(n. - 1.0) (2)

Substituting equation 2 for R into equation 1,

S= [Vý 2 (cosyD - cosyp)/g]/(ng - 1.0) (3)

Solving for normal load factor as a function of the two flightpath angles and approach speed,

n, = [Vt 2(cosyn - cosy,,)/g hp1.] + 1.0 (4)

This gives subroutine FLARENZ a starting point for iterating on normal load factor to match the sink rate at
touchdown.

Subroutine FLARENZ uses ITRLND to determine new values of normal load factor to use in calling
FLARE. FLARENZ can call subroutine FLARE up to MAXITER times. MAXITER is hardcoded at 3 1.
This subroutine has the calling arguments: ALPHA, GAMMAPP, GAMMATD, HAGL, HCLEAR,
HFLARE, HRUNWAY, SINKTD, THRUST, VKAPP, XLFLARE, and XLFMAX; and contains common
blocks: CTRL, FPINTEG, CONST, and FLAGS.

Subroutine APPROCH
This subroutine controls execution of the approach above the flare height, -FLARE. This subroutine is
called only if the obstacle clearance height HCLEAR is greater than HFLARE. APPROCH calculates
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values for output every APPDTIM seconds. APPDTIM is hard coded to 0.5 second. This subroutine has
the calling arguments: ALPHA, GAMMAPP, GDIST, HAGL, HCLEAR. HFLARE, and HRUNWAY; and
contains common blocks: CTRL, AIRCRFr, AERO, ENGINE, AIRSPED, FPINTEG, ATMOS, CONST.
and FLAGS.

Subroutine FLARE
"This subroutine controls execution of the flare maneuver. Subroutine FLARE calls INTX to perform
numerical integration of the resultants of the equations of motion and calls FORCEX to obtain the force
coefficients for the equations of motion. This subroutine has the calling arguments: ALPHA, GDIST,
ODIST, ROCTD, and VKTGS; and contains common blocks: CTRL, AIRCRFT, AERO, ENGINE,
AIRBORN, AIRSPED, RUNWAY, FPINTEG, ATMOS, CONST, and FLAGS.

The variable DTDTGEX is provided to the user as a means to account for a loss in the pitch rate capability
due to ground effect. DTDTGEX may be a function of wing height/wingspan; total lift coefficient (CL), or
circulation lift coefficient; et cetera. DTDTGEX would equal 1.0 out of ground effect and less than 1.0 in
ground effect. DTDTGEX should be calculated in subroutine 'FXXAERO' and passed through the calling
statement to subroutine FORCEX. The user may ignore DTDTGEX without affecting program execution.

Subroutine ROLL
This subroutine controls the execution of the ground roll of the landing maneuver or the deceleration
portion of a refused takeoff maneuver. Subroutine ROLL calls INTX to perform numerical integration of
the resultants of the equations of motion and call FORCEX to obtain the force coefficient for the equations
of motion. The calling arguments are, angle of attack (ALPHA) and the ground distance covered by the
approach and flare or the takeoff ground roll (GDIST); ROLL contains common blocks: CTRL, AIRCRFT,
AERO, ENGINE, AIRSPED, RUNWAY, INTEG, ATMOS, CONST, FLAGS and CHARV.

Subroutine INTX
This subroutine performs the numerical integration using a fourth order Runge-Kutta scheme with the
Adams-Bashforth-Moulton predictor-corrector method (Reference 4). The calling arguments are NEQ,
TIME, DTIME, T, DERIV a- ... '-. HA. NEQ is the number of equation of motion to be integrated. T is
either the values of common block _.TEG or FPINTEG. DERIV is a subroutine that must be made
external in the calling subroutine. DERIV corres,_ nds to either DERIVGR, DERIVAT, or DERIVAL;
INTX contains no common blocks.

Subroutine INTG
This subroutine calculates incremental distance, DDIST; total ground distance, GDIST; and gross weight,
GWT. This subroutine has the calling arguments: DIST, DISTJ, DTIME, GAMMAR, VWIND, WFUEL,
DDIST, GDIST, and GWT; and contains no common blocks.

Subroutine DERIVGR
This subroutine calculates the acceleration, ACCEL, for the ground roll of a takeoff, landing or refused
takeoff. This subroutine has the calling argument: ALPHA; and contains common blocks: CTRL,
AIRCRFT, AERO, AIRSPED, RUNWAY, INTEG, CONST, and FLACGS.

Subroutine DERIVAT
This subroutine calculates the time derivatives for the airborne portion of the takeoff and manages the
flightpath control. This subroutine has the calling argument: ALPHA; and contains common blocks:
AIRCRFT, AERO, AIRBORN, FPINTEG, CONST, and FLAGS.
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Subroutie DERIVAL
This subroutine cakmlates the time derivatives for the airborne portion of the landing and manages the
fligbtpoh contol This subroutine has the calling argument: ALPHA; and contains common blocks: CTRL,
AIRCRFT, AERO. AIRBORN, FPINTEG, CONST, and FLAGS.

',ubr.. ERROR
This subroutine is called during a takeoff simulation when the flag ERRFLAG is set to .TRUE. Program
execution is terminated for the present namelist inputs and will continue if additional namelist inputs are
to be processed. This subroutine has the calling arguments: LUOUT and ROCFPM; and contains no
commnon " Nm.

Subroutine HALT
Thi subroutine terminates program execution and writes a termination message. TERMR'•G. This
stbroutine has the calling arguments: LUIN, LUMSG, LUOUT, and TERMMSG; and contains no
common blocks.

Subroutine ATMOSPH
This subroutine calculates atmospheric pressure, temperature, density, speed of sound, kinematic viscosity,
as well as pressure, temperature and density ratios. The inputs are pressure altitude (PRESALT) and the
temperature increment from standard day (DTEMPF). This subroutine has the calling arguments:
PRESALT and ARRAY; and contains common block ATMOS.

Subroutine SPEED
This subroutine calculates dynamic pressure, Mach number, calibrated airspeed, equivalent airspeed, true
airspeed, and groundspeed. This subroutine has the calling arguments: GAMMAR, VTASX, VWIND,
AMAC-, QS, VKCAS, VKEAS, VKTAS, VKTGS, and VTGS; and contains common blocks: AIRCRFT,
ATMOS, and CONST.

0 Subroutine ITRLND
This subroutine is a zero-finding routine which varies the independent variable based on the sign and size of
the error. The loop containing the call to ITRLND is exited successfully when JFLAG = 3 or when the
magnitude of the error is less than the tolerance value, TOLRNCE. This subroutine has the calling
arguments: ERROR, ERRORJ, DRIVER, FACTOR, TOLRNC'. and JFLAG; and contains no common
blocks. ERROR and ERRORJ are the present and previous errors, respectively. JFLAG is a variable which
indicates the statm of the search. JFLAG is set to 0 before ITRLND is called. After the first call to
ITRLND, JFLAG is set to 1. JFLAG is set to 2 once the zero is isolated between the upper and lower
boundaries, BOUNDU and BOUNDL, respectively. JFLAG is set to 3 and the zero is considered found
when the absolute value of the difference between BOUNDU and BOUNDL is less than TOLRNCE, the
tolerance passed to subroutine ITRLND.

During the first call to ITRLND DRIVERJ, the previous DRIVER, is set to DRIVER and then DRIVER is
multiplied by FACTOR. This forms a range with boundaries, DRIVER] and DRIVER. On subsequent
calls to ITRLND, these two driver values are set to either an upper or lower boundary or a multiplication
or division by FACTOR is applied to DRIVER. Once the location of the zero is determined to be on
one side of the DRIVER or the other, DRIVER is set to either the upper or lower boundary as the search
is narrowed.
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Program Functon Descriptons

Function DGDT
This function returns the acceleration normal to the flightpath. This function has the calling arguments:
ALPHA, FPVTAS, GAMMAR, and GWT; and contains common blocks: AERO, AIRSPED and CONST.

Function DVDT
This function returns the acceleration along the flightpath, dV /dt. Function DVDT uses functions,
DVTDIL DADH, and DDELTDH to account for acceleration from flying at a constant calibrated airspeed.
This function has the calling arguments: ALPHA, FPVTAS, GAMMAR, and GWT; and contains common
blocks: AERO, AIRSPED and CONST.

Function DVTDH
This function returns the climb speed derivative with respect to pressure altitude (dV,/dH) for a constant
calibrated airspeed, equivalent airspeed or Mach number. Using this function for a calibrated airspeed (by
setting CONSTANT = 'VC') allows function DVDT to return a value dV, /dt instead of dV, /dt. This
function has the calling arguments: VTAS and CONSTANT; and contains common blocks: CTRL,
FPINTEG, ATMOS, CONST and RACURV.

Function DADH
This function returns the speed of sound derivative with respect to pressure altitude (da/dH). This function
has the calling argument: HC; and contains common block: CTRL.

Function DDELTDH
This function returns the pressure ratio derivative with respect to pressure altitude (d&dH). This function
has the calling argument: HC; and contains common block: CTRL.

Function DSIGDH
This function returns the density ratio derivative with respect to pressure altitude, do/dH. This function has
the calling argument: HC; and contains common block: CTRL.

Function INTERP
This function returns an interpolated value between two ordinate inputs based on the additional inputs of
three abscissas. To prevent an arithmetic indefinite this function resets the difference of the two maxima
abscissas to one if the difference equals zero. This function has the calling arguments: YNOW, YPAST,
XNOW, XPAST and XANS; and contains no common blocks.

Function ZEROX
This function finds the location (in X) of a zero of a function FUNCT(X) on an interval X = A to X = B.
The function ZEROX assunr 3s that F(A) and F(B) are of opposite sign, implying that FUNCTN(X) is equal
to zero somewhere within that interval. Function ZEROX finds this zero by recursively calling function
FUNCTN. ZEROX uses the logical variable, FINDV, to transfer the proper calling arguments to function
FUNCTN. If FINDV is .TRUE., ZEROX passes calibrated airspeeds for A and B; otherwise, angles of
attack are passed. The argument "FUNCTN" must be declared external in the calling subroutine and have
four calling arguments, A or B, VAR2, VAR3, and VAR4. Functions DGDT and DVDT meet this criteria.
ZEROX has the calling arguments: A, B, FUNCTN, VAR2, VAR3, VAR4, TOLRNCE, and FINDV; and
contains no common blocks.
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COMMON BLOCK DESCRIPTIONS

This section describes the common blocks of the TOLAND program and their variables.

Common CTRL

Common CrRL contains variables concerning program control.

DTMaI is the current Runge-Kutta Numerical Integration Step Size in seconds. The default for DTIME is
0.10 seconds; DThIE is entered through namelist DATA2.

DTIMEJ is the previous Rutge-Kuma numerical integration step size in seconds. This variable is used to
store the original value of DTIME while the current value is lowered to allow the output to be printed at an
even interval of time This variable is used at the interfaces of subroutines APPROCH, FLARE, and ROLL.

ICOUNT is the integration loop initializing variable. After switching from one integration loop to another,
ICOUNT stores the integer variable which initializes the integration loop. Therefore, the program will
write the output variables after executing both integration loops a total of 10 times. This could be two
iterations of the first loop and eight iterations of the next loop or three iterations of the first loop and seven
iterations of the next loop, et cetera. Placing ICOUNT in Common CTRL allows the program to execute
different integration loops in different subroutines while still retaining writing the output variables once
every 10 iterations. With DTIME, the Runge-Kutta Integration Step Size set to 0.1 seconds, output will
occur once per second of simulation time.

JDEBUG is the TOLAND debug code. This code is user definable; it can be used to output debug data
from the user provided subroutines. When JDEBUG is set to 6666, debug output for the steady-state
iterations is printed. The JDEBUG setting of 9999 is reserved and used for full debug output The default
for IDEBUG is 0; JDEBUG is entered through namelist DATA2.

KENG is the subroutine 'FXXENG' output switch. It allows the program to switch between the types of
output subroutine 'XXENG' can provide subroutine 'FXXENG' outputs gross thrust and fuel flow from a
power setting input if KENG is set equal to 1. Subroutine 'FXXENG' outpts power setting from an input
of thrust if KENG is set equal to 2. This subroutine is provided by the user, KENG can be just a null or
inactive variable. Currently all the calls to subroutine 'FXXENG' require outputs of thrust and fuel flow
from a power setting input.

LINNM is the current line number of the current page of output. When LINENLM exceeds NPAGE, a
new page is started.

LUIN is the logical unit for input. It is an integer variable which determines which file namelist inputs are
read from. The default for LUIN is 3, but can be user defined; LUIN is initialized in the main program.

LUMSG is the logical unit for message output. It is an integer variable which determines which file certain
program messages are written to. The messages that can be re-routed come from the debug output as well
as UFrAS random access curve file subroutines. The default for LUMSG is LUOUT; LUMSG is entered
through namelist DATA2.

LUOUT is the logical unit for output. It is an integer variable which determines which file program
output is written to. The default for LUOUT is 4, but can be user defined; LUOUT is initialized in the
main program.

NCOUNT is the integation loop counter. After executing an integration loop 10 times, the program will
write the output variables. Placing NCOUNT in common CTRL allows the program to execute different
integration loops in different subroutines while still retaining writing the output variables once every
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10 itertions. With DTIME, the Runle-Kutta integration step size set to 0.1 seconds, output will occur once
per second of simulation time.

NEQ is the number of equations of motion to be integrated. NEQ is set to 2 for the takeoff ground roll and
landing roll and is set to 4 for the airborne portions of the takeoffs and landings.

NPAGE is the number of lines of output per page. When LINENUM exceeds NPAGE, a new page is

started. The default for NPAGE is 64 lines per page; NPAGE is hard coded in the main program.

TIME is the elapsed time in seconds.

TIMEROL is the elapsed time of the ground roll. This elapsed time corresponds to the landing ground roll
or the portion of the ground roll of a refused takeoff after engine failure.

0

32 Common Block Descriptions



Common A WRT

Common AIRCRFI contains many of the aircraft specific constants and variables.

AOA3PT is the angle of attack for the aircraft in a thre-poit attitude. This aircraft constant is used to
initialize angle of attack at the beginning of a takeoff and to set the zero angle of attack flag (AOAOFLG) to
true for a landing. AOA3PT is initialized in subroutine FORCEX

AR is the aspect ratio of the wing. This aircraft constant is used to calculate ground effect variables. AR is
initialized in subroutine FORCEX.

B is the wingspa in feet. This aircraft constant is used to calculate ground effect variables. B is initialized
in subroutine FORCEX.

CGPCr is the longitudinal position of the center of gravity as a percentage distance of the mean
aerodynamic chord aft from the leading edge of the wing. The default for CGPCF" is user defined in
subroutine FORCEX; CGPCTr is entered through namelist DATA.

CLALPH is the lift curve slope out of ground effect. This aircraft constant is used to calculate ground
effect variables. Because this constant is used only in the user provided subroutine, GEFFECT, it can have
units of either 1/degrees or I/radians. CLALPH is initialized in subroutine FORCEX.

CONFIG is a number representing the configuration of the aircraft. This floating point variable is a user
definable input. CONFIG is initialized in subroutine FORCEX. This variable is not required; CONFIG is
entered through namelist DATA2.

DTDTMX is the maximum pitch rate during the landing simulation in degrees per second. The default for
DTDTMX is user defined in subroutine FORCEX; DTDTMX is entered through namelist LND2.

FLT is the flight number. It is a floating point variable available to the user for management and tracking of
data. The default for FLT is O.01 FLT is entered through namelist DATA2.

GWT is the gross weight during program execution in pounds. GWT is a required variable; there is no
default. GWT is initialized as GWT0. GWT0 is entered through namelist DATA.

HZ is the distance from the bottom of the wing to the bottom of the tires in feet. This aircraft constant is
used to calculate ground effect variables. HZ is initialized in subroutine FORCEX.

LOADING is a number representing the external store loading of the aircra& This integer variable is a user
definable input. LOADING is initialized in subroutine FORCEX. This variable is not required; LOADING
is entered through namelist DATA2.

SWING is the wing surface area in square feet. SWING is initialized in subroutine FORCEX.

THTMAX is the maximum pitch attitude limit in degrees. TTMrAX is initialized in subroutine FORCEX.

WNGLOD is the wing loading in pounds per square foot. It is calculated in the main program and output at
the beginning of a takeoff simulation in subroutine TAKOFF.

XLFMAX is the simulation maximum normal load factor in g's. XLFMAX is initialized in subroutine
FORCEX. XLFMAX is only used for the flare portion of a landing.
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CoAiI AERO

Common AERO contai-. the =)w aerodynamic parameters.

CX is dhe foc coefficient along dhe flighvia• r g"ou roil. This paramete is further defined in
AppedixA. Equations of Motion.

CY is the ftce coefficient normal to the rat. or ground roil. n nartl r is furthe r defined in
AppendixA,k Equations of Motion.

DATCMD is &ce commanded angl of attack rate. It is dhe rate at which the wiaircat rotates during the
takeoff nmneuver. DADTCMD affects the rat of convergence to targe pitch attitudes and target airspeeds.
The default for DADTCMD is 2.5 degrees per second; DADTCMD is entered through namelist DATA.

DCDX is the user drag coefficient increment The user may alter the drag coefficien (CD) by adding
a delta drag coefficient increment. The default for DCDX is 0.0000; DCDX is entered through
namelist DATA2.

DCLX is the user lift coefficient incremset. The user may alter the lift coefficient (CL) by adding a delta
lift coefficient increment. The default for DCLX is 0.0000, DCLX is entered through namelist DATA2.

DTDTGEX is the loss in pitch rate capability due to ground effect The user may lower the pitch rae
during the flare in ground effect by using this multiplicative factor applied to pitch rate. The default for
DTDTGEX is 1.0; DTDTGEX can he calculated in subroutine FXXAERO' and passed through the calling
statement to subroutine FORCEX

FLAP is the current flap deflection in degrees during program execution. The default for FLAP is
-1.0 degree. This default value allon FAP to bset from FLPPCT. FLAP is a required input if FL CT
is not used. FLAP is entered through namelist DATA.

FLPPCr is the cumet flap percentage setting during program execution. This optional variable provides
the user an additional method of entering flap deflection into the pogram. The default is user defined in
subroutine FORCEX. FLPPCT is entered through namelist DATA2.

QS is the product of current dynamic pressure (Q) and wing surface area (SWING). The units for QS are
in pounds.

SPDBRK is the current speed brake deflection in degrees.

SPOILM is the current spoiler deflection in degrees.

VKCAS is the current calibrated airspeed in knots.

VKTAS is the current true airspeed in knots.
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S Comeo ENGINE

Common EJGIN contains the mjor engine parameters.

ArT is the thrust incidence angle in degrees. This constant is initialized in subroutine FORCEX.

AMACH is the current Mach number.

DTFAIL is the delta time for the failed engine to lose thrust by the thrust level defined by XENGFLD.
Thrust and fuel flow decrease linearly over the time interval DTFAIL. The default for DTFAIL is
0.0 second; DIFAIL is meterd through namelist DATA2.

EPR is engine presure ratio. This parameter can optionally be used to input engine thrust levels to the
program or can be used as a variable which contains the current value of Engine Pressure Ratio. The
default for BPR is 0.0-, EPR is entered thmmgh namelist DATA2.

FE is the current propulsive drag of all dte engines in pounds.

FG is the current gross thnut of all the engines in pounds.

FGPCT is the gross thrust percentage increment. The user may increase the gross thrust by a given
percentage using this input variable. The default for FGPCT is 0.0 percent; FGPCT is enterd through
namelist DATA2.

NENG is the total number of engines the aircraft has. This constant is initialized in subroutine FORCEX.

PWRCODE is the aircraft power code. It can describe the thrust settings to which all the aircraft engines0are The default for FWRCODE is user defined in subroutine PORCEX PWRCODE is entered through
namelist DATA2.

REVNDX is the reverse engine spool-up index. It can describe the spool-up curve in subroutine SPOOLUP
which corresponds to thrust reversers. This constant is user defined in subroutine 'FXXENG' and must be
passed through as a calling argument to subroutine FORCEX; REVNDX is not required if thrust reversers
are not to be simulated.

THRUST is the current total net thrust of all the engines in pounds.

VTANGLE is the current vectored thrust angle in degrees.

WFUHL is the cument total fuel flow of all the engines in pounds per hour.

XENO is the current engine multiplicative factor. Total engine parameters (e.g. net thrust, fuel flow) are
defined by their corresponding per engine values multiplied by XENG. The default for XENG is user
defined in subroutine FORCEX; XENO is entered through namelist DATA2.

XENGFLD is the failed engines multiplicative factor. This variable is not an integer variable and is not the
number of failed engines. It is a floating point variable that is used with M gga values of thrust and fuel
flow. This allows the program to represent engine values of a partial failed engine (e.g. afterburner). If
XENGiLD is not equal to 1.0, FABST must be set to NULL'. FA.LST overrides XENGFLD. The
default for XENOGFLD i. 1.0; XENGFLD is entered through namelist DATA2.

XHNGOUT is the engine multiplicative factor after an engine failure of XENGFLD engines. It is defined
a the XNG-. XENGFLD.
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MIDLE is the idle ein multiplicave factor for a sinle enpie. The default for XIDLE is 0.06; XIDLE
is user defined in subrou tiF PORME.

XNIL is the military thrust engine multiplicative factor for a single engine. The default for XMIL is 0.50;
XMML is user defined in subroutine FORCEX

ZFN is a user definable variable.
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Comunon AIRBORN

Common AIRBORN contains airborne control and status parameters.

ALPHAJ is the previous angle of attack calculated from the last integration in degrees.

ALPHMX is the maximum angle of auack limit in degrees. ALPHMX is set to THTMAX in suboutine
LANDNG.

DTDT is the current pitch rate in degrees per second.

GAMMAPP is the flighipath angle in degrees during approach. The default for GAMMAPP is -3.0 degrees
(descending); GAMMAPP is entered through namelist LND.

ROCFPM is the current rate of climb in feet per minute.

THETAF is the current pitch attitude in degrees

XLF is the current normal load factor in gas.

XLFJ is the previous normal load factor calculated from the last numerical integration in S's.
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,Commow AMI

Common A.RPED contains the constants used for progrtm cn tro,.

VKABRK is the calibrated airspeed during the landing pround roll tha aerobraking is stopped and the
angle of attack is lowered form AOAABRK to 0.0 degree. The default for VXABRK is 0.0 knot clibrated
airspeed (no aerobraking); VKABRK is entered through namelist ROL2.

VKAPP is the calibrated airspeed in knots during the approach. VKAPP is entered through namelist LND.

VKBRAKE is the whee brakin airspeed in knots. Whee braking is inmated after the catibred airspeed
is less than VKBRAKE. The default for VKBRAKE is 999 knots calibrated airspeed; VKBRAKE is
entered through namelist ROL2.

WEND is the simulation end airspeed in knots The default for VKED is 250 knots calibrated airspeed;
VKEND is entered through namem t TKO2.

VKFAIL is the engine failure airspeed in knots The default for VKFAIL is 0.0 knot calibrated airspeed
which is defined as no engine failue; VKFAIL is entered through melist TKO.

VKPLAP is the calibrated airspeed at which the flaps we retracted. The defat for VKFAP is the flap
limit airspeed (VKPLPMX); VKFLAP is entered through namelist TKO2. The flap limit airpe
(VKFLPMX) is user defined in subroutine XXAERO.

VKFLPMX is the maximum flap calibrated airspeed in knot. This constant is used as the default for
VKPLAP-, it is user defined in subroutine ?XXAERO.

VKMCG is the tuninum control airspeed on the ground. I is an input variable used to trigger a spool-up
of an operating but asymmetric engine. It would be used in the case of (for example) a three-engine takeoff
of a four-engine aicraft whose gross weight was not sufficuet for nose wheel saeering to account for the
full or patial asymmetric thrust. VKMCG is not used to fail an engine; use VKFAIL. The default for
VKMCG is 0.0 knot calibrated airspeed; VKMCG is entered through namelist DATA2.

VKROTAT is the rotation airspeed in knots. The default for VKROTAT is 0.0 knot calibrated airspeed.
Th simulation will rotate the aircraft without adequate tai authority; TOLAND runs with only engine aad
aerodynamic models which do not define moments about the aircraft of gravity; VKROTAT is
entered fthwh namelist TKO.

VKSTART is the simulation start groundsoeed in knots. This input variable allows the user to simulate
takeoffs where there is a given groundmp at the time the aircraft is aligned on the centerline of the
runway. The default for VKSTART is 0.0 knot; VKSTART is entered through namelist TKO2.

VKWIND is the headwind component of wind speed in knots. Tailwinds we input using negative wind
speeds. The default for VKWIND is 0.0 knot (no wind); VKWIND is entered through namelist DATA.

VWIND is the headwind component of wind speed in feet per second. Tailwinds use negative wind speeds.
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Common RUNWAY

Common RUNWAY contains the major parameters related to the runway.

ABARG is the average deceleration in g's

AOAABRK is the angle of attack for aerobraking during the landing ground roll if the calibrated airspeed is
greater than VKABRK knots calibrated airspeed. The default for AOAABRK is 0.0 degree (no
aewobraking); AOAABRK is entered through namelist ROL2.

BRAKMU is the braking coefficit of friction. This input parameter would be used if IMU, the Braking
Coefficient Selector, is set to 0 (corresponding to a constant BRAKMU). The default for BRAKMU is
0.250.; BRAKMU is entered through namelist ROL.

BRKFCTR is the braking factor. It is a multiplicative factor applied to BRAKMU, the Braking Coefficient
of Friction. It allows the user to adjust the coefficient of friction during braking without recompiling code.
This input paramneter would normally be used if IMU, the braking Coefficient Selector, was not set to 0.
The default for BRKFTR is 1.0; BRKFACTR is entered through namelist ROL2.

GAMMARW is the slope of the runway in degrees. The default for GAMMARW is 0.0 degree;

GAMMARW is entered through namelist DATA2.

GRW is the slope of the runway in radians.

HAGL is the current altitude of the aircraft above the liftoff point on the runway for takeoff simulations or
the current altitude of the aircraft above the runway for landing simulations.

HCLEAR is the obstacle clearance height in feet The default for HCLEAR is 50.0 feet- HCLEAR is
entered through namelist DATA.

HFIARE is the height in feet above the touchdown point of the runway at which the simulation initiates a
flare. The default for HFMARE is 0.0 feet (no flare); HFLARE is entered through namelist LND.

HGEAR is landing gear retraction height in feet above the takeoff point The default for HGEAR is
205 feet; HGEAR is entered through namelist TKO.

HRUNWAY is the pressure altitude of the runway in feet. The default for HRUNWAY is 0.0 feet;
HRUNWAY is entered through namelist DATA.

IMU is the braking coefficient selector. The default selections for IMU are constant braking coefficient,
BRAKMU, 0; user supplied curve file lookup. 1; generic dry runway braking coefficient, 2; and geneiic wet
runway braking coefficient, 3. The default for [MU is 0, which corresponds to a constant braking
coefficient of friction, BRAKMU; IMU is entered through namelist ROL. The default for BRAKMU is
0.250; BRAKMU is entered through namelist ROL

RCR is the runway condition reading. It can be used as an input to determine the variable BRAKMU. The
default for RCR is user defined in subroutine GENMU; RCR is entered through namelist ROL.

ROLLMU is the rolling coefficient of friction. The default for ROLLMU is 0.025; ROLLMU is entered
through namelist DATA2.

TIMEBRK is the braking time delay in seconds between the time touchdown has occurred and the tume the
brakes are applied for a landing maneuver. It is also the braking time delay between the time an engine
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has failed and the time the brakes are applied for a refused takeoff maneuver. The default for TIMEBRK is
3.0 seconds; TIMEERK is entered through namelist ROL2.

TIM is the elapsed time from engine failure. TIMEFLD is initialized in subroutine TAKOFF when
the engine failure speed (VKFAIL) is attained.

"TIMEFLP is the flap retraction time delay in seconds between the time touchdown has occurred and the
time the flap retraction initiation has occurred retracting for a landing maneuver. It is also the flap
retraction time delay between the time an engine has failed and the time the flap retraction initiation has
occurred for a refused takeoff. The default for TIMEFLP is 999.0 seconds; essentially the flaps are not
retracted. TIMEFLP is entered through nameist ROL2.

TIMESBK is the speedbrake deployment time delay in seconds between the time touchdown has occurred
and the time the speedbrake deployment initiation has occurred for a landing maneuver. It is also the
speedbrake time delay between the an engine has failed and the time the speedbrake deployment initiation
has occurred for a refused takeoff maneuver. The default for TIMESBK is 0.0 second; TIMESBK is
entered through namelist ROL2.

TIMESPL is the spoiler deployment time delay in seconds between the time touchdown has occurred
and the time the spoiler deployment initiation has occurred for a landing maneuver. It is also the spoiler
time delay between the an engine has failed and the time the spoiler deployment initiation has occurred
for a refused takeoff maneuver. The default for TIMESPL is 0.0 second; TIMESPL is entered through
namelist ROL2.

XMU is the current coefficient of friction. It is set equal to either ROLLMU or BRAKMU. ROLLMU is a
constant entered through namelist DATA. BRAKMU is a variable set in subroutine GENMU or entered as
a constant though namelist ROL.
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Common INTEG

Common INTEG contains the ground roll integration variables.

VTAS is the true airspeed in feet per second; it is the integral of ACCEL with respect to time.

DIST is the air distance (ground distance uncorrected for wind) in feet; It is the integral of VTAS with
respect to time.

ACCEL is the ground roll acceleration in feet per second squared. ACCEL is provided by the equation of
motion executed in subroutine DERIVGR.

VTASJ is the previous true airspeed in feet per second. It is used to continually initialize the Runge-Kutta
array for the ground roll iterations.

RKGRND is an array containing previous values of the ground roll integration variables. These values are
used in the fourth order Runge-Kutta numerical integration calculations to determine future values.

Common FPINTEG

Common FPINIEG contains the flightpath integration variables.

FPVTAS is the flightpath true airspeed in feet per second; it is the integral of FPACCEL with iespect
to time.

GAMMAR is the flightpath angle in radians; it is the integral of DGDTR with respect to time.

FPDIST is the flightpath air distance in feet; it is the integral of FPVTAS with respect to time.

PRESALT is the pressure altitude in feet; it is the sum of HRUNWAY and the inte7al of ROC with respect
to time.

FPACCEL is the flightpath acceleration in feet per second squared. FPACCEL is provided from an
equation of motion executed in either subroutine DERIVAT or subroutine DERIVAL.

DGDTR is the rate of change in flightpath angle with respect to time in radians per second. DGDTR is
provided by an equation of motion executed in either subroutine DERIVAT or subroutine DERIVAL.

VHAS is the horizontal airspeed in feet per second. VHAS is calculated from FPVTAS and GAMMAR in
either subroutine DERIVAT or subroutine DERIVAL.

ROC is the rate of climb in feet per second. ROC is calculated from FPVTAS and GAMMAR in either
subroutine DERIVAT or subroutine DERIVAL.

RKAIR is an array containing previous values of the flightpath integration variables. These values are used
in the fourth order Runge-Kutta numerical integration calculations to determine future values.
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Coma ATMOS

Common ATMOS contains the atmospheric parameters.

TEMPR is the current temperature in degrees Rankine.

PRESS is the current ambient pressure in pounds per square fooL

RHO is the current density is slugs per cubic feet.

AFPS is the current speed of sound in feet per second.

VISCOSK is the current kinematic viscosity in feet squared per second.

DELTA is the current pressure ratio.

SIGMA is the currentdensity ratio.

THETA is the current temperature ratio.

DTEMPF is the delta temperature from standard day in degrees Fahrenheit. The default for DTEMPF is
0.0 degree Fahrenheit; it is entered through namelist DATA.
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Common CONST

Common CONST contains the major program constants.

ASL is the speed of sound at sea level in knots. This constant is equal to 661.48 and is initialized in the
main program.

ASLSQR5 is the speed of sound at sea level multiplied by the square root of 5.0, = 1479.114245. This
constant is used in the calculation for calibrated airspeed.

FPSKTS is the conversion factor from knots to feet per second. This constant is equal to 1.687806 and is
initialized in the main program.

o is the reference acceleration at sea level, 45 degrees latitude, due to gravity. This constant is equal to
32.174 and is initialized in the main program.

RX is the conversion factor from radians to degrees. This constant is equal to 57.2957759130824 and is
initialized in the main program

TSLF is the standard day temperature at sea level in degrees Fahrenheit This constant is equal to
59.0 degrees and is initialized in the main program.

TWOOVR7 is the ratio of 2.0 over 7.0. This constant is used in the calculation for calibrated airspeed; it is
equal to 02985714285714285 and is initialized in the main program.

ZERO is the constant 0.0; it is initialized in the main program.

0
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Camnm FLAGS

Common FLAGS contains the major variables of type LoGICAL.

AOA0LG is the zero angle of attack flag. This flag is .TRUE. when the angle of attack (ALPHA) is equal
to 0.0.

BRKRAG is the brake flag. This flag is set to .TRUE. when the conditions for brake application ae met.
The conditions are: current calibrated airspeed (VKCAS) less than brake application speed (VKBRAKE)
and elapsed time from engine failure or touchdown (TIMEROL) is greater than the braking time delay
(rIMEBRK).

CL.RH-GT is the clearance height flag. This flag is set to .TRUE. after the current altitude (HAGL) exceeds
the clearance height (HCLEAR).

ERRFLAG is the error flag. This flag is set to .TRUE. by any of the equation of motion subromines,
(DERIVGR, DERJVAT, or DERIVAL) when certain flightpath constraints are not satisfied and the
condition is not recoverable The program will terminate processing with the current set of nmnelist inputs.

FAIL is the engine failure flag. This flag is set to .TRUE. when a refused takeoff or a continued
takeoff simulation is to be performed. At the engine failure speed (VKFAIL) the engine failure speed
flag (VFFLAG) is set to .TRUE. and the program switches the operating engine group (ENGGRP) to
the fai engine group (FAILGRP). If the engine failure state (FAIIS) is set to 'OFF' the current engine
multiplicative factor (XENG) is set to the engine multiplicative factor after eagine failure (XENGOUT).
If the time for a failed engine to lose thrust, DTFAIL, is greater than zero, the current engine
multiplicative factor is linearly reduced to the engine multiplicative factor after engine failure, XENGOUT.
over D•FAIL seconds.

FLAP•FL is the flap flag. T"his flag is .TRUE. when the flap deflection, FLAP, is greater than zero.

FPCTFLG is the flap percentage flag. This flap is set to .TRUE. when the flap deflection is initialized at -1.
With the flap percentage flag set to .TRUE., the flap percentage variable (FLPPCT) is used to determine
flap deflection (FLAP).

GEFLAG is the ground effect flag. This flag is set to .TRUE. when the aircraft is in ground effect. The

conditions which determine when this flag should be .TRUE. are to be user defined.

LGRFLAG is the landing gear flag. This flag is .TRUE. when the landing gear is not fully retracted.

LIFTOFF is the liftoff flag. This flag is set to .TRUE. after liftoff is achieved.

OVERFLG is the flare height over obstacle clearance height flag. This flag is set to .TRUE. if the flare
height (HFLARE) is greater than the obstacle clearance height (HCLEAR).

REVFLAG is the reverse thrust flag. This flag is set to .TRUE. when reverse thrust is to be enabled for a

simulation.

REVRSE is the thrust reverse active flag. This flag is set to .TRUE. when reverse thrust is simulated.

ROTATE is the rotation flag. This flag is set to .TRUE. after rotation is initiated.

RTOFLAG is the refused takeoff flag. This flag is initialized to .TRUE. when the simulation performs a
refused takeoff. It causes subroutine TAKOFF to return control to the main program which subsequently
calls subroutine ROLL.
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SBKFLAG is the speed brake flog. Ihis flag is set to .TRUE. after the speed brake deflection has changed:

0 SPLULAG is the spoiler flag. This flag is TRUE. when the spoiler deflection (SPOILER) is greater than
0.0; SPLFnAG is entered through namelist LND2.

SPOOL is the engine spool flag. This flag is .TRUE. when the engine spooling for a throttle transient
is completed.

STEADY is the steady-state flag. This flag is set to .TRUE. during a steady-state approach when engine
daft is not to be determined by subroutine 'FXXENG'. Thrust and fuel flow do not change during the
steady-state approach; only during the flare can thrust, fuel flow, and throttle setting be changed.

TERM1FLG is the termination flag. This flag is set to .TRUE. when the any termination criterion is
satisfied. This flag is currently used for takeoff and refused takeoff simulations.

VECTFLG is the thrust vectoring flag. This flag is set to .TRUE. when thrust vectoring is to be enabled for
a simulation.

VFFLAG is the engine failure velocity flag. This flag is set to .TRUE. when the engine failure speed
(VKFAIL) is reached.

WRIT1TR is the write flare iterations flag. This flag is set to .TRUE. when the user desires output on each
flare iteration executed from subroutine FLARENZ. The default for WRrITIR is .FALSE.; WRIT1R is
entered through namelist LND2.

0

0
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Comm CHARV

Cmo HVcontains, &0e major variables of type CaRKACTM.

BNOGRP is the operating engine group. It is a ume definable three-character string variable whose
conseOnts dfn which engines are operating during a maneuve. Examples of M40GRP we AEO, 'Of,
Mr., and AMF which correspond to all engines operating outboard wngin inoperative inboard engine
inoperative and all engines idling respectively. The default for ENGGRP is ANO for all takeoffs and AEf
for all landings; ENGGRP is entered through namelist DATA2.

FARLGRP is the faid engine group. It is a user definable three-charce siring variable whose contents
define the state of the engines afte an engine failure or failures. The default for FAJLGRP is ýOEr;
FAUIRP is entered throuigh namnelist DATA2.

PAILMOD is the engine failure mode. It is a five-charac ter ing variable whose contents define the mode
of the failed engine. Usually, only two states ame used: SEUR and 'SPOOL. The default for PAILMOD is
'SEEM; PAILMOD is entered through namelist DATA2.

PABST is the engine failure state. It is a four-character sting variable whose contents define the state of
the failed engine. Usually, only two states are used, IDLE and OIFF'. The defiault for PABST is IDLE';
FAMLS is entered through namelist DATA2.

MANUVR is the maneuver input. It is a three- or six-character wting variable whose contents define which
maneuver is to be simulated during execution. Valid three-character values of MANUVR are: TKO, RTO,
and LND, for takeoffs, refused takeoffs, and landings respectively. Valid six-character values of
MANUVR are: TOLTKO, TOLRT, and TOLLND, for takeoffs, refused takeoffs and landings
respectively. The three-charce values indicate that the program is to read MANUVR once for the
entire input file. This allows the user to run one type of maneuver repetitively. For example, a singl
input file containing many namelist entries for landings would use MANUVR =L.ND The input file would
look like this:

&DATA DADTCMfl=2.50, FLAP=30.0, GWTO= 200000., .. J
&DATA2..J
&LND HFLARE = 20., SDNKT = 10.0, VKAPP-- 150.0I
&LND2..J
&ROL DAU=l, RCR- 16.1
&ROL2 VKBRAKE=1l 10.0/
&DATA DADTCMD=2.50, FLAP=30.0, GCrl'= 200000.. ..J
&DATA2..J
&LND HFLARE = 15., SINK.T = 10.0, VKAPP-- 150.0/
&LND2..i
&ROL JMU=1, RCR=-16./
&ROL2 VKBRAKE=1l 10.01
&DATA DADTCMD=2.50, FLAP=30.0, GWTO= 200000., ..J
&LND MFARE = 10, SINKT = 10.0, VKAPP-- 150.0/
&LND2..J
&ROL DIMU=l1, RCR-- 16.I
&ROL2 VKDRAKE-l 10.0/

46 Common Block Descriptions



The six character values indicate that the program is to read MANUVR for each set of namelist inputs
within the input file. This allows the user to run different types of maneuvers in one input file. For
example, a single input file containing many nanelist entries for determine critical field lengths would look
like this:

TOLTKO
&DATA DADTCMD=2.50, FLAP=15.0, GWT= 250000.,..J
&TKO HMAX=50., THTROT=8.0, THTCLM= 8.0, VKFAIL= I 10.0, VKROTAT= 120.0 I
&TKO2 /
&TKOARY /

TOLRTO
&DATA DADTCMD=2.50, FLAP-- 15.0, GWT= 250000., .. J
&TKO HMAX=50., THTROT=8.0, THTCLMf= 8.0, VKFAIL=I 10.0, VKROTAT=120.0 I
&TKO2 I
&TKOARY /
&ROL IMU=l, RCR=16 /
&ROL2 VKBRAKE= 100.0 /

Continued takeoffs use the same MANUVR as takeoffs. There is no default for MANUVR; MANUVR is
input in the main program before namelist DATA in the input file.

MVR is the first three characters of MANUVR. Wben MVR is set equal to 'TOL', the parameter
MANUVR is read for each set of namelist inputs. (See description of MANUVR in the previous
paragraphs.) There is no default for MVR; MVR is defined by the first three characters of MANUVR.

THRCRV is the thrust curve type. It is a three-character input variable that is used to describe the type of
thrust curve to be utilized. This input variable allows the program to distinguish between thrust curves
containing different independent (Input) variables. Examples of THRCRV are •RC and 'EPR'. The default
for THRCRV is user defined in subroutine FORCEX; THRCRV is entered through namelist DATA2.

TKOTYPE is the takeoff type. It is a seven character input variable that is used to describe the type of
takeoff as either 'STATIC or 'ROLU.NG'. This input variable allows the program to distinguish between
the thrust settings of either a static or roiling takeoff independently of the VKSTART input variable. The
default for TKOTYPE is 'STATIC; TKOTYPE is entered through namelist TKW.

0
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Cmi. FLAPDAT

Common LAPDAT contains dte major flap variables.

IFLAP is the current elment of arrays FLPARY and VFLPARY.

MAXSIZF is the maximum size of arrays FLPARY and VFLPARY. The default for MAXSIZF is 5;
MAXSIZP is hard coded in subroutme TAKOEF. If MAXSIZF is increased, the dimensions for arrays
FLPARY and VFLPARY must be increased accordingly.

FLPARY is thd flap deflection array. This army contais five elements. This array allows dte user to enter
in a flap deflection schedule as a function of calibrated airspeed. At each airspeed contained in the flap
deflection airspeed aay (VFLPARY) the takeoff simulation changs the flap deflection (RAP) to the
corresponding flap deflection contained in the flap deflection army (FLPARY) at a rae of DFLAPDT
degrees per second. Th flap deflection rate (DFLAPDT is provided by subroutine FXXAEUO which is a
user provided mbrouine called by subroutmine IORCEX. If the last element of FLPARY is not 0.0, the
simulation wil refact the flaps to 0.0 degree at the calibrated airspeed contained in the last element of
VFLPARY or at VKFLPMX which ever is less. The default for die elements of FLPARY ae 0.0, 0.0, 0.0,
0.0, 0.0. At this deuk setting, the takeoff simuation does not change the flap dlection until the flap
retraction speed, VKFLAP, or the maximum flap deflection aispeed (VKFLPMX) is reached. The
elements of FLPARY we entered through namelist TKOARY.

VFLPARY is the flap deflectim airspeed way. This way contains five elements. This way allows the
user tDo enter in a flap deflection schedule as a function of calibrated airspeed. At each airspeed conained in
the flap deflection airspeed way (VFLPARY) the takeoff simulation changes the fla deflection (FLAP) to
the correspondbig flap deflection contained in the flap deflection ary (FLPARY) at a rate of DFLAPDT
degree per second. The flap deflection rawe (DFLAPDT) is provided by subroutine FXXAERO which is a
user provided subroutine called by subroutine FORCEX. If the Ias element of FLPARY is not 0.0, the
simulation will retract dhe flap to 0.0 degree at the calibrated airspeed contained in the last element of
VFLPARY or at VKFLPXX which ever is less. The defaul for the elements of VFLPARY are 0.0, 0.0,
0.0, 0.0, 0.0. At this default setting, the takeoff simulation does not change the flap deflection until the flap
retraction speed, VXFLAP, or the maximum flap deflection airspeed, VKFLPMX, is reached. The
elements of VFLPARY are entered dhogh namehls TKOARY.

0
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CommontGEARDAT

Common GEARDAT contains the major landing gea variables.

ZGEAR is tie current element of array LORARY.

MAXSJZG is the maxinium, size of array LGRARY. The default for MAXSIZG is 6; MAXSIZG is hard
coded in subroutine TAKOFF. U MAXSIZG is increased, the dimension for array LGRARY must be
increased accordingly.

LORARY is the landing gear drag array. This array contains six elements. This array allows the user to
eater in a landing gea drag coefficient schedule as a function of time from die start of landing gear
retraction.. When die landing Sewr reftracon height (HGEAR) is reached die suibroutine GRETRAC returns
die geaw drag coefficient increment (DCDLGR) as die value contained in die &ist element of LURARY.
Mwi value remains; curren for one second. The value contained in die second element of the array replaces
the gear drag coefficient incrment previously for another 1.0 second interval. The gear drag coefficient
increment (DCDLGR) smost be added where die drag coefficient (CD) is sumnmed from its components.
This will usually be accomplished in die user provided subroutine 'FXXAERO'. An example table is
shown below. Hf die last element of LGRARY is not 0.0000, die simulation will set DCDLGR to 0.0000
after drag coefficient increment The default for die elements of LGRARY are 0.0, 0.0, 0.0, 0.0, 0.0, 0.0.
At this default setting, the takeoff simulation will reduce the drag coefficient linearly over the time for gear
retraction (DTGEAR) in seconds, The elements of LGRARY are initialized in subroutine FXXARO'
which ai the user provided subroutine called by subroutine FORCEX.

Arry CID (without gear + LORAY C0 (with gear
Senient iocrement) incremient)

1 0.0280 0.0220 0.0500
2 0.0280 0.0240 0.0520
3 0.0280 0.0280 0.0560
4 0.0280 0.0160 0.0440
S 0.0280 0.0070 0.0350
6 0.0280 0.0000 0.0280

Notice die total landing gear increment is removed between the 5th and 6th second after the initiation of
landing gSaw retraction.
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Cmamm VFCrDAT

Common VEC"DAT contains the major thrust vectoring variables.

IVECT is the current element of arrays XNUARY, HVCTARY, and WCTARY.

MAXSIZV is the maximum size of arrays XNUARY, HVCTARY, and VVCTARY. The default for
MAXSIZV is 5; MAXSIZV is hard coded in subroutine TAKOFF. If MAXSIZV is increased, the
dimensions for arrays XNUARY, HVCTARY, and WCTARY must be increased accordingly.

XNUARY is the vectored thrust angle arry. This aray contains five elements. At each altitude contained
in the vectored thrust altitude array (HVCTARY) or at each calibrated airspeed contained in the vectored
thrust aispeed array (VVCTARY) the takeoff sir--ulation changes the vectored thrust angle (VTANGLE) to
the corresponding vectored thrust angle contained in the vectored thrust angle array (XNUARY) at a rate of
DVECTDT degrees per second. The vectored thrust angle rate (DVECTDT) is provided by subroutine
'FXXENG which is a user provided subroutine called by subroutine FORCEX. If both the HVCTARY and
WCTARY arrays are used, the HVCTARY array takes precedence. The default for the elements of
VVCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting, the takeoff simulation does not change the
vectored thrust angle. The elements of XNUARY are entered through namelist TKOARY.

HVCTARY is the vectored thrust altitude array. This array contains five elements. At each altitude
contained in the vectored thrust altitude array (HVCTARY) the takeoff simulation changes the vectored
thrust angle (VTANGLE) to the corresponding vectored thrust angle contained in the vectored thrust angle
array (XNUARY) at a rate of DVECFDT degrees per second. The vectored thrust angle rate (DVEC'MIl')
is provided by subroutine IXXENG' which is a user provided subroutine called by subroutine FORCEX. If
both the HVCTARY and WCrARY arrays are used, the HVCTARY array takes precedence. The default
for the elements of HVCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting, the takeoff simulation does
not change the vectored thrust angle. The elements of HVCTARY are entered through namelist TKOARY.

WCrARY is the vectored thrust airspeed array. This array contains five elements. At each calibrated
airspeed contained in the vectored dnst airspeed array (VVCTARY) the takeoff simulation changes the
vectored thrust angle (VTANGLE) to the corresponding vectored thrust angle contained in the vectored
thrust angle arry (XNUARY) at a rate of DVECTDT degrees per second. The vectored thrust angle rate
(DVECTDT) is provided by subroutine 'FXXENG' which is a user provided subroutine called by subroutine
FORCEX If both the HVCTARY and WVCTARY arrays are used, the HVCTARY array takes
precedence. The default for the elements of WCTARY are 0.0, 0.0, 0.0, 0.0, 0.0. At this default setting,
the takeoff simulation does not change the vectored thrust angle. The elements of WCTARY are entered
through namelist TKOARY.
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Common CINDEX

Common CINDEX contains majo random access curve file constants.

MSTRNDX is the random acce curves mater index. It is an array of NDXLEN (3), integers initialized
by subroutine OPENMS, a CDC Cyber specific FORTRAN subnmue.

NDXIN is the leang of the master index. NDXLEN is an integer constant equal to hree; NDXLEN is
initialized in broutine INICURV.

LUCURV is the logical unit for the cmve file. It is an integer variable which determines the local file name
of the random access curve file. The default for LUCURV is 2 (which corresponds to file TAPE2);
LUCURV is initialized in subroutine INICURV. Currently, no other value is valid for this parameter.

Common RACURV

Common RACURV contains the major random access curve file control variables as well as the random
access curve file names.

IDBUG is the UFTAS debug flag. It can provide debug information concermng the UFTAS random access
curve file subroutines. The default for IDBUG is 0; IDBUG is entered through namelist 2ATA2.

IEXTOR is the extrapolation override code. When set to a non-zero value, IEXTOR overrides the curve
extrapolation code. This flag is intended to be used in only specialized cases. The default for IEXTOR is
0; IEXTR is initialized in subroutine INICURV.

KURNAM is the random access curve file name array. It contains the names of up to 99 random access
curve file names as Hollerith strings stored in an array of type ITEGER.

Common VALUES

Common VALUES contains the arrays which contain the values passed to and from the random access
curve files. Examples for aray names are VALIN, VAERO, and VENGINE for the input values rray, the
aerodynamic values output armay, and the engine values output arry respectively. This common block is
user defined and largely determined by the curve file structure

Common TABLES

Common TABLES conutm the table arrys used to store raw values from the random access curve files.
The values which are passed to the output values arrays ae interpolated from these raw values. Examples
for aay names we TAERO and TENGINE for the aerodynamic output table array and the engine output
table array respectively. This common block is user defined and determined by the curve file structure.
The size of each of the table arrays is provided to the user when the random access cuv file is generated.
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APPENDIX A: EQUATIONS OF MOTION

This section shows the equations of motion used in Subroutines FORCEX, DERIVGR, DERIVAT, and
DERIVAL. The aircraft is treated as a point mass confined to motion in a vertical plane, and the rotational
dynamics have been neglected. This simplification requires the input of the angular rates and precludes the
use of this program as a tool to simulate minimum control speeds. These rates are approximated by a finite
difference form or input by the user as commanded rates.

Force coefficient equations:

Cx = CD - [F0 (cos(a + it) - FE/JqSn (positive aft) (1)
Cy = CL + [FG (sin(a + id) ]/qS, (positive up) (2)

Equation of motion during ground roll:

dV/dt = (g/W,.j) {-W,.[sin(y¥..y) + p os + qSz(CYz..• - Cx)) (3)

Equation of motion along flightpath:

dV/dt = (g/WVJ) {-Wssin(y) - qS,(Cx)) (4)

Equation of motion normal to flightpath:

V(dj/dt) = (g/Wg) (-W,.cos(y) + qSjz(Cy)} (5)

Load factor equation:

n% = qS.,•,.Cy/(W,•) + [1.0 - cos(y)] (6)

Rate of Climb equation:

R/C = Vsin(y) (7)

where:
CD = aerodynamic drag coefficient
CL = aerodynamic lift coefficient
Cx = force coefficient along flightpath
Cy = force coefficient normal to flightpath
FE = ran drag
Fo = gross thrust
dt = delta time
g = acceleration due to gravity

n, = load factor
q = dynamic pressure

R/C = rate of climb
S,,• = reference wing area

Vt = true airspeed
Wp•, = gross weight

a = angle of attack
I = flightpath angle

= runway slope

Piua = runway friction coefficient (either braking or rolling)

Appendix A Equations Of Motion A-I



Ratdenrat - -'• Imtk by fiit daim ae form

e =-y+a (8)

Differentiating with respect to time

dO/dt - dydt + datdt (9)

Divide equation 5 by V,

dY/dt - [g/(VtW,)] {-W,.cos(y) + qS,%(Cy)) (10)

Finite difference approximation

daldt (-- (- )/At (11)

Substituting equations 10 and 11 into equation 9

dO/dt - [g/(VtW,.] {-W..cos('y) + qSt(Cy)} + (a - %-/At (12)

where:
dt -delta time
At - integration step size
a - current angle of attack
%- previous angle of attack
y flightpath angle
0 -pitch attitude

The flare height can be defined as a function of the flare radius (R) and the flare radius can be
represented using the circular centripetal acceleration equation. For constant normal load facto
(n.) and constant airspeed (V,,i)

hb&. - Y - Y,•p - Rcowf - Rcosy -R(cos't- cosy.) (13)

A2 Eq ut/R - g(nM - 1.0) (14)
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Substituting equation 14 for R into equation 13,

Vh... - g(n -1.0) (15)

Solving for normal load factor as a function of the two flightpath angles and approach speed,

n- - [V' 2(cos'n - cosyp)/g hnfj + 1.0 (16)

where:

an - acceleration normal to flightpath yp - approach fbightpath angle
g - acceleration due to gravity •rv - touchdown flightpath angle

hn - flare initiation altitude (AGL)
n, - normal load factor

R - flare radius
Vtw - approach true airspeed

This gives subroutine FLARENZ a starting point for iterating on normal load factor to match the
sink rate at touchdown.

Using the following equation for kinetic energy, brake energy is calculated with equation 18;

En•- _A (Wp./g) V (17)

ere: EbM - Ek..÷c + -(FN - CIqS.W) Vt At (18)

where:

CD - aerodynamic drag coefficient
FN - net thrust

E - brake energy
E - kinetic energy

g - acceleration due to gravity
q - dynamic pressure

SS - reference wing area
V1g - true ground speed

Wv. - gross weight
At - delta time
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Main Gear Normal Force equation during braking

The normal force on the main gear can be determined by summing the forces in both the x- and 0
y-axes and summing the moments about the center of gravity. The rolling coefficient of friction is
applied to the nose gear normal force and the braking coefficient of friction is applied to the main
gear normal force. The following equations assume no aerodynamic loading of the tail, no
moments from spoilers or other control surfaces, and the center of gravity is located forward of the
braking gear (the main).

Summing the forces in the x-axis,

-(WJg) dV/dt = Cx (q S• + W,.siny..y + pfu N.e + Pbu Nbft (19)

Summing the forces in the y-axis,

0 = Cy (q S ) - W.cosy,.. + N. + N.. (20)

Summing the moments about the center of gravity,

0 = Num X. - N..X.Nm - p N. mm Yc- Pbm, N. Yg (21)

Solving for N.,

.N, = [(W, 1 Ig)WNd + CX(q) + W,tfny.I]Yq + [W,.nmsy - C( )IX (2)
(X +A)

where:
Cx = force coefficient along flightpath
Cy = force coefficient normal to flightpath

dV/dt = acceleration
g = acceleration due to gravity

Nm = main gear normal force
Nm = nose gear normal force

q = dynamic pressure
S.n = reference wing area

Wv. = gross weight
S= horizontal distance from main gear to center of gravity

Xm = horizontal distance from nose gear to center of gravity
Yq = vertical distance from ground to center of gravity

I.., = runway slope

S= braking friction coefficient
a = rolling friction coefficient

Distances are ad positive values. Any units for distance, if applied consistently, will work in
these equations.

A
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APPENDIX B: SOURCE CODE LISTING
This section provides te user with a complet source code listing of the program and calling subroutines.

Curve file subroutines awe not included.

MNED Program
PROGRAM TOLAND TOLAND 1

c"TOLAND 2
C** SUBROUTINES- INfITAL. SPOIL FLARE SPEED INTG TOLAND 3

C"PITCH TVECTOR ROLL DERIVG STEDYST TOLAND 4
C"FRETRAC TAKOFF ERROR DERI VAT FLARENZ TOLAND 5
C"GRETRAC LANMM HALT DERIVAA. nTLDm TOLAND 6
C"SPDBRAI( APPROCH ATMOSPH wMX TOLAND 7

c""m  TOLAND 8
C" FUNCTIONS- DGDT DVTDH DDELTDH INTERP ZEROX TOLAND 9

C"DVDT DADII DSIGDH TOLAND 10
ctm" TOLAND I I
C"" USER PROVIDED SUBROUTINES- TOLAJID 12

C**INICURV 'F)OAERO` 'FXXENG' SPOOLDNF GENMU TOLAND 13
C*"" FORCEX GEFFECT SPOOLUP SPQOLDNIR TOLAND 14
C*"" TOLAND 15
C"" TAKEOFF, LANDING AND REFUSED TAKEOFF SIMULATION TOLAND 16
C*"" TOLAND 17

DOUBLEPRECISION DTIMEDTIMEJTIME CTRL 1
PARAMETER (WLN=3,LUOUT-4) CTFIL 2
GOMMONICTRIJ DTIMEDTIMEJ,KGOUDEBUG,KENG,UNENUMWMSG,NCOUNT, CTRL 3

& NEQ,NPAGEF11METIMEROL CTRL 4
C0MMON/NRCRFr/ AOA3PTAR,BCGPCTIGLALPNGONFIG,DMTDTMFLTGWTHZ, ARCRFT I

& LOADINGSWINGTHTMAXWNGLODP)UFMAX AIRCRFT 2
COMMOWAEROI CZýCY,DADTCMD,DGD)ýDCLX~DTTGEX~FLAP,FLPPCTOS, AERO 1

& SPDBRKSPOILERVKCASVKIAS AERO 2
COMMONIENGINE/ AITAMACH,DTFILEPRFEFG,FG3PCTNENG,PWRCOODE, ENGINE 1

& REVNDX,RC,THRUSTVTANGLEWFUELXM)ENGXEGRD, ENGINE 2
& XENGOUTXIDLEXMILZF ENGINE 3

COMMONNVECTOWI HVECTVVECT VECTOR 1
COMMOWAIRBORN/ ALPHAJALPHMX,DTDTGAMMAPPPROCFPM,THETAFF)UFXLJ NIRBORN 1
COMMONIAIRSPED/ VKABRKVKAPP,VKBRAKEVKENDVKFNILVKRLAPVKFLPMY, AIRSPED 1

& VKMCG,VKROTATVKSTARTVKWINDMND AIRSPED 2
COMMONIRUN WAY/ ABARGAOAABRKBRAKMUBRKFCTR,GAMMARWWGRWHAGL, RUNWAY 1

& HCLEAR.HFARE,HGEAR,HRUNWAY,IMU,RCRROU.MU,TIMEFLD, RUNWAY 2
& TIMEBRKT1MEFLPTIMESBKT1MESPLXMU RUNWAY 3

DOUBLEPRECISION VTAS,DISTACCELVTASJ,RKGRNlD INTEG 1
COMMONIINTEGt VTAS,DISTACCELVTASJ,RKGRND(20) INTEG 2
DOUB3LEPRECISION FPVTAS,GAMMAR,FPDISTPRESALT,FPACCELDGDTRVHAS, FPINTEG 1

& ROCRKAIR FPINTEG 2
COMMON/FPINTEGt FPVTAS,GAMMAR,FPDISTPRESALTFPACCELDGDTR,VHAS, FPINTEG 3

& ROC,RKAIR(40) FPINTEG 4
COMMON/ATMOSI TEMPR,PRESS,RHOAFPSVISCOSKDELTASIGATHETA~DTEMPF ATMOS 1
PARAMETER (ASLmf61.48,FPSKTS=1.687806,G= 32.174, CONST 1

& RX=57295791308,TSLF=59.0,ZERO=0.O) CONST 2
COMMONIVONST/ ASLSQR5,T WOO VR7 CONST 3
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LOGICAL AOA0FLGFAGOMCLRHGTBERRAGF~iLFLG,RAPR.GFPCTFLG, RAGS I
& GEFI.AGA.RFAGAFrOFFOVERIFLG,REVRArG,REVRSEROTATE. RLAGS 24
& RTOFLAG,S9KFLAGSPLFLAGSPOOLSTEADYTERMFLG,VECTFLG RLAGS 3
& VFLAGWRMTR RAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLA,CLRHGTERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLGPREVFLAG, RLAGS 6
& REVRSEROTATEFRTOFLAGS8KR.AG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLGVECTFLGVFFLAGWRmfTR FLAGS 8

CHARACTER ENGGRP'3,FNILGRP*3,FAILMOD'5,FAILST'4,MVR'3,MANUVR'6, CHARY 1
& THRCRV*3,TKOTYPE'7 CHARY 2

COMMON!CHARV/ ENGGRP,FAILGRP,FAMLMODFAILST,MVR,MANUVRTHRCRV, CHARY 3
& TKO1YPE CHARY 4

COMMIOWFLAPDAT/ IFLAPMAXSIZFFLPARY(5),VFLPARY(5) FLAPDAT 1
REAL LGRARY(6) GEARDAT 1
COMMIONIGEARDATI IGEARMAXSIZG,LGRARY GEARDAT 2
GOMMOtNIECTDATI IYECTMAXSIZVXNUARY(5),HVCTARY(5),WCTARY(5) VECTDAT 1
COMMONICINDEX/ MSTRNDX(3),NDXLEN,LUCURY CINDEX 1
COM*JONIRACURVI IDBUG,IEXTOR,KUJRNAM(99) RACURY 1
LOGICAL MOREFIG TOLAND 36
NAMEUSTJDATNGCGPCT,DADTCMD,DTEMPF,FLAP,GAWMMRWIG WTO,HCLEAR, TOLANO 37

& HRUNWAYVIWIND TOLAND 38
NAMULST/DATA2IAOA3PT,CONFIG,DCDXIDCLXDTIME,DTFAILENGGRP,EPR, TOLAND 39

& FAJLGRPFALMODFAILSTRPPCTFLT,FLTNDXPFGPCT, TOLAND 40
& IDBUGJEBU,LOADING,LUMSG,PWRCODE,RC,REVFLAG, TOLAND 41
& ROLLMU,SPDBRKOTHRCRVVKMCGXENGENGFLD TOLAND 42

C"" TOLAND 43
Ctm'* OPEN INPUT AND OUTPUT FILE TOLAND 444OPEN (UNIT=LUIN,FlLE-')I TOLAND 451

OPEN (UNIT=LUOUTFILE=') TOLAND 48
C'tm  TOLAND 47
C"" MANUVR TKOTOLTKO TAKEOFF TOLAND 48
C"" LNDTOLl.ND LANDING TOLAND 49
C"*" RTOTOLRTO REFUSED TAKEOFF TOLAND 50

15 READ(L.UIN,1001 ,END=99)MANUVR TOLAND 51
1001 FORMAT(AB) TOLAND 52
C""* TOLAND 53
C"" RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY), THEN TOLAND 54
C"" READ NAMEUST DATA FROM INPUT FILE (LUIN). PARAMETERS NOT RESET TOLAND 55
C"" HERE RETAIN THEIR VALUE FOR THE SUBSEQUENT RUN IF NOT EXPUICITLY TOLAND 56
C"*" DECLARED IN NAMEUJST DATA. TOLAND 57

25 CALL INMAL('ZERO',ALPHAFLAPO,GWTOSPDBRKO) TOLAND 58
READ(LUIN,DATA,END=99) TOLAND 59
READ(LUIN,DATA2) -TOLAND 60
CALL INMAL(MAINfALPHA~FLAPO,GWr0,SPDBRKO) TOLAND 61
IF(MOREFLG) WRITE(LUOUT,200) TOLAND 61

2001 FORMATMfr TOLAND 62
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IF (MANUVR.EO.'TKO '.OR.MANLJVR.EQ.'rOLTKO`) THEN TOLAJ4D 63
C"O TAKEOFF ROU11NE TOLAND 64

CALL TAKOFF(ALPHAGDIR1 TOLAND 65
WRITEPWXMr,00) FLTGWTODCOXFGPCTVKMCG,RAPODTEMPFDU( TOLAND as

& FAIIJST,ENGGRP TOLAPI) 67
2002 FORMAT( 'FLT m,F8.4, WI m,FB.0,' DC =F77., TOLAND s5

& ' FGPCT u',F7.1,'IVKMCG usF7.1,' FAP aFO. 1 A TOLAND 69
& 'DTEMP uF7.1,' DEGREES F , DCL me,F7.4, TOLAND 70
& 'FALST .S,A5,; BIGGR u'A4A/ TOLAIID 71

R .SIF(MANLNR.EQ.'RTO '.OR.MANUVR.E0.'TOLRTO) THEN TOLAND 72
C"" REFSE TAKEOFF ROUTINE TOLAND 73

CALL TAKOFF(ALPHAGDIST) TOLAND 74
CALL ROLL(APMAGDS TOLAND 75
WRITEPLOUTM20) FLT GWT0DcXOFGPCT VXM~GAP0,DTMPFDLX TOLAND 76

& FAJLSTENGRP TOLAND 77
ELSEF(MAMN R.EQ AND '.OR.MANUVR.EO.7OL.LND') THEN TOLAND 78

C"" LANDING ROUTINE TOLAND 79
CALL LANDWG(LPHA TOLAND 80
WRlTE(P.OUT,200) FLT DCDX~DTEMPF BRKFCTRLXIFLAP0 TOLAND 81

2003 FORMAT('FLT . , F12.4,' OCO .,F7.4,' DTEMP =,F6.1, DEGREES, TOLAND 62
& 'F',/l BRKFCTR =!,FB.3,' DCL =!,F7A, FLAP =7,6.1 J) TOLAND 83

ENDIF TOLAND 84
LM0REFLG = .TRUE. TOLAND 85
IF(MR.EQ.70L) THEN TOLAND 86

GO TO 15 TOLAND 87
ELSE TOLAND Be

GO TO 25 TOLAND so
ENDIF TOLAND 90

99 CALL HALT(LUINLUMSGLUOIT,' TOLAND NORMAL TERMINATION) TOLAND 91
END TOLAND 92
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SUBROUI~fNE INTIA9GOUPAPHARFAP0,GWTO,SPDSRK)INTA 1
C"" THIS SUBACOUTINE INITIALIZES PROGRAM VARIABLE. INITIAL 2
C".. INfITAL 3

CHARACTER*4 GROUP INITIAL. 4
DOUBLEPRECISION D'flME~DTIMEJTME CTRL I
PARAMETER (LUINl3,LUOUT-4) CTRL 2
COMMONICTRIJ D1ME~DTIMIGOUNTJDBUGEKEGUNENUMLUMSGNCOUNT, CTRL 3

& NEPRAGE,11METMEROL CTRL 4
GOMMOWNIRCPFT/ AOA3PTAKBGPCTaGALPHGONFGDMTDTMFLTGWrHZ NRCRFT 1

& LOADINGSWINGTH1TAXWNGLODALFMAX AIRRPFf 2
COMMOWIAERIO/ CKGYDADTCMDDGXDIDTDTGEXRFAP,FRPPCTQS, AERO, 1

& SPDBFU(SPOILERVKCASVKTAS AERO 2
COMMOt4IENGINE/ ArTAMACHFAILEPR,FEFG,FGPCTNENG,PWRCOOE, ENGINE 1

& REVNDXRCTHRUSTVTANG#LEWFUELXENGXENGRD, ENGINE 2
& XENGO)UTXDLEXMILZFN ENGINE 3

COMMOWNECTORI HVECTNYECT VECTOR 1
COMMOWAIRBORNI ALPHAPADATGA AMMAPPROCFPMTHErAFAG.FXLJ NIRBOVEI
COMMOWNIRSPED/ BRKVKAPPVKBRAKIKNDVKFMJLVAPVKFLMX N.SPW 1

& Vi CGVKROTATVKSTARTVKMINDVWIN AIRSPWD 2
COMMOt4IPUNWAYI ABARGAOAAFBRRAKMUDRKFCTRGAMMARWGRWHAGL, RUNJWAY 1

& HCAHRAREHGEARHRUNWAY IMU RCRROLLMU ThIMELD, RUNWAY 2
& T1MEDKT1MEFLPTIMES8KTIMESPLXMU RU1NWAY 3DOUSLEPRECISION VTASDSTACCELVTASJPRKGRND INiTEG 1

COMMONINTEGI VTASAISTACCELVTASJ,RKGRND(20) INTEG 2
DOLUBLERECISION FPVTASGAMMARFPDISTPRESALTFPACCELDGDTRVHAS, FPINTEG 1

& ROC,RKAIR FPUITEG 2
COMMOt4IFPINTEG/ FPVTASGAMMARFPDIST,PRESALTFPACGELDGDTRVHAS, FPINTEG 3

& ROC,RKAJR(40) FPINTE 4
COMMOWATMOS/ TMPR PRESSIHOAFPSVSKDELTASGAATHErADTEMPF ATMOS 1
PARAMETER (ASL=66f1 .48,FPSKTS-1 .68780,G- 32.174, CONST

& R)(67.2W5791306,TSLP=59.0oZERO=O.O) CONST 2
COMMON0CONST/ ASLSOR5,T WOO VR7 CONST 3
LOGICAL AOAOFLGSI(FNLrAGCLRHGTEtRRRAG,FAMLFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAGLGRRLAG,UFTOFFOVERFLG,REVFLAG~REVRSE,ROTATE, FLAGS 2
& RTOFLAG,S8KFLAGSPLFLAGSPOOLSTEADYTERFLGVECTFLG, FLAGS 3
& VFFLAGWRM1TR FLAGS 4

COMMONIFLAGS( AOAOFLG,BRKAGCLRHGT,ERRFIAG,FMILFLG,FLWPLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVR.AG, FLAGS 6
& REVR5EROATEIRTOFLAGS8KLAGSPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG VECTFLGIVFFLAGIWRmTfR FLAGS 8

CHARACTER ENGGRP*3,FAILGRP'3,FAILMOO'5,FAILST4,MVR'3,MANUVR*6, CHARV 1
& THRCRV*3,TKOTYPE*7 CHARY 2

COM10t4CHAR'W ENGGRP,FAILGRPFAILMOOFAJLSTMVR,MANUVRTHRCRV, CHARY 3
& TKOTYPE CHARY 4

COMMON/FIAPDAT/ ILAPMAXSIZFFLPARY(5),VFLPARY(5) FLAPOAT 1
REAL LGRARY(6) GEARDAT I
COMMONQGEARDAT/ IGEARMAXSIZG,LGRARY GEARDAT 2

COMMONIVECTDAT/ PIECT,MAXSIZVXUARY(5),HVCTARY(5),WCTARY(5) VECTDAT 1
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COMMONIRACURV/ IDOUG,IEXTORKURNAM(99) RACURV I
LOGICAL MSGR.AG INITIAL 23
DATA DADTCMD, DCDX, DCLX, DTDTGEX, DTEMPF, DTIME, EPR, FAILGRP, FAILMOD, INITIAL 24

& I 2.5, 0.0, 0.0, 1.0, 0.0, 0.1000, 0.0, 'E0', 'SEIZE',/, NTIAL 25
& FAILST, GAMMARW, HRUNWAY, HCLEAR, ICOUNT, LUMSG, NPAGE, ROLLMU INITIAL 26
& I IDLE, 0.0, 0.0, 50.0, 1, 0, 58, 0.0251 INITIAL 27
& VKMCG INITIAL 27
& I 0.0) INITIAL 28

DATA FLPARY /O.0,0.0,0.0,0.0,0.00,VFLPARY/ 0.0, 0.0, 0.0, 0.0, 0.0/ INmAL 30
& ,HVCTARY/0.0,0.0,0.0,0.0,0.01,WCTARY/M99.,999.,999.,999.,999J INITA 31
& AXNUARY /0.0,0.0,0.0,0.0,0.0/,MAXSIZFMAXSIZG,MAXSIZV/5,6,5I INT 32

IF (GROUP.EO.7ZERO) THEN INITIAL 33
C"" INITIALJZE CONSTANTS. INITIAL 34
C"" ASLSOR5 = 661.48"SORT(5.0); TWOOVR7 = 2.0/7.0 INITIAL 35

ASLS0R5 = ASL'SOMR(5.0) TmI. 36
TWOOVR7 = 20/7.0 INITIAL 37

C'" IA 38
C"" INITIALIZE MVR WITH THE FIRST THREE CHARACTERS OF MANUVR. THIS INITIAL 39
C"" ALLOWS THE PROGRAM TO DISTINGUISH IF THE INPUT FILE CONTAINS ALL INITIAL 40
C"" ONE TYPE OF MANEUVERS (I.E. RTOS) OR A VARIETY. IF THE INPUT INITIAL 41
C"" FILE CONTAINS A VARIETY, THE PROGRAM WILL LOOP TO UNE 15 TO READ INITIAL 42
C*"* THE NEW MANUVR INSTEAD OF UNE 25. INITIAL 43

MVR = MANtVR(I3) INITIAL 44
C**"' INIAL 45
C"" RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY), INITIAL 46
C"" BEFORE READING NAMELIST DATA FROM INPUT FILE (TAPES). INITIAL 47
C"" PARAMETERS NOT RESET HERE RETAIN THEIR VALUE FOR THE SUBSEOUENT INITIAL 48
C*" RUN IF NOT EXPUCITLY DECLARED IN NAMEUST DATA. INITIAL 49

AOA3PT = ZERO INITIAL 50
DTFAIL = ZERO INITIAL 51
ENGGRP = NUL' INITIAL 52
FLAP = -1.0 INITIAL 53
FPCTFLG = .FALSE. INITIAL 54
GWTO = ZERO INITIAL 55
IDBUG = 0 INITIAL 56
JDEBUG =0 INITIAL 57
REVFLAG = .FALSE. INITIAL 58
TIMEROL = ZERO INITIAL 59
VKWIND = ZERO INITIAL 60
XENG = ZERO INITIAL 61
XENGFLD = 1.0 INITIAL 62

0
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C" INITALIZE LUM8. MITI& 6
IF (WuMB..OR. L.MSG..LUN T INITAL T

LUMSG = LUOUT INITIAL 6a
ELSEIF UJMS.NE.LUOUT AND..NOT.(MSGFLAG)) THEN INITIAL 67

MSGLAG= .TRUE. INITIAL 68
OPEN(UNITAL FILETOLAND.MI') INmAL 69

BID INITIAL 70
C"" INITIALIZE PROGRAM CONTROL PARAMETERS. INITIAL 71

DADTCMD - ABS( rCMD) INITIAL 72
DTIMEJ = DTIME INITIAL 73
KENG =0 IITIAL 74
UNENUM =6 INITIAL 75
FLAPFLG = .TRUE INITIAL 76
LGRFLAG =.TRUE. INITIAL 77
VECTR.G =.TRUE. INITIAL 78
BRKRLAG = .FALSE INITIAL 79
CLRHGT =.FALSE. INITIAL 80
ERRFLAG = .FALSE NUIAL 81
SBKFLAG =.FALSE. INITIAL 82
SPLFLAG =.FALSE INITIAL 83
TERMFLG = .FALSE INITIAL 84
VFFLAG =.FALSE INITIAL 85

C" INITIAL
C"" INMTIALIZE AIRCRAFT CONSTANTS. INITIAL 87

FLAPO =RAP INITIAL 88
GRW = GAMMARW/RX IITIAL 89
GWT = GWT0 WTAL 901
VWiND = VKWIND'FPSKTS INITIAL 91
WNGLOD = GWr0/SWING INITIAL 92
XMU = ROLLMU INITIAL 93

C"" INITIAL 94
C"" TERMINATE PROGRAM IF GROSS WEIGHT NOT INITIALIZED. INITIAL 95

IF(GWT0.EQZERO) CALL HALT(LUIN,LUMSG,LUOUT, INITIAL 96
& 'GROSS WEIGHT NOT INPUT BY USER.') INITIAL 97

C*" INITIAL 98
C"" INITIALIZE THE NUMBER OF ENGINES BEFORE AND AFTER ENGINE INITIAL 99
C"" FAILURE. INITIAL 100

IF (NENG.EQ. 0) NENG =1 INITIAL 101
IF (XENG.EOZERO)XENG = FLOAT(NENG) INITIAL 102
IF (FAILST.EQ.MIL I THEN INITIAL 103

XENGFLD = 1.0 - XMIL INmAL 104
ENDIF INITIAL 105
XENGOUT = XENG - XENGFLD INITIAL 106

C"" INITIAL 107
C"* INITIALIZE LOGIC CONTROL VARIABLES FOR FLAPS, GEAR AND THRUST INITIAL 108
C*" VECTORING. INITIAL 109

IFLAP = IGEAR = IVECT = I INITIAL 110
C"* INITIAL 111
C"" INITIALIZE INTEGRATION VARIABLES. INITIAL 112

RKGRND(14) a ZERO INITIAL 113
RKAIR (27) mZERO INITIAL 114
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IF (MANUVR.EQ.'TKO '.OFJMANUVR.EQ'TOLTKO') THEN INITIAL 115
C'"" INITIAUZE FLAGS FOR THE TAKEOFF MANEUVERS. INITIAL 116

AOAOFLG =.TRUE INITIAL 117
GEFLAG -. TRUE INITIAL 118
UFTOFF =.FALSE INITIAL 119
ROTATE =.FALSE INITIAL 120
RTOFLAG = .FALSE. INITIAL 121
IF(ENGGRP.EQ.`NUL• ENGGRP = 'AEO' INITIAL 122

C'"' INITIAL 123
G-- RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY). INITIAL 124
C'"" PARAMETERS NOT RESET HERE RETAIN THER VALUE FOR THE INITIAL 125
CSUBSEQUENT RUN IF NOT EXPLICITLY DECLARED IN NAMEUST TKO. INITIAL 126

TKOTYPE ='STATIC' INITIAL 127
NEQ =2 INITIAL 128
ALPHA = ZERO INITIAL 129
DIST = ZERO INITIAL 130
HAGL = ZERO INITIAL 131
PRESALT = HRUNWAY INITIAL 132
THETAF = AOA3PT INITIAL 133
TIME = ZERO INITIAL 134
VKFAIL = ZERO INITIAL 135
VKROTAT = ZERO INITIAL 136
VKSTART =ZERO INITIAL 137
XLF = 1.0 INITIAL 138

ELSEIF(MANUVR.EQ.'RTO '.OR.MANUVR.EQ.'TOLRTO') THEN INITIAL 139
C"" INITIALIZE FLAGS FOR THE REFUSED TAKEOFF MANEUVERS. INITIAL 140

AOAOFLG =.TRUE. INITIAL 141
GEFLAG =.TRUE. INITIAL 142
RTOFLAG = .TRUE INITIAL 143
UFTOFF =.FALSE INITIAL 144
ROTATE =.FALSE. INITIAL 145
IF(ENGGRP.EQ.'NUL') ENGGRP = 'AEO' INITIAL 146

C'"' INITIAL 147
C'"' RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY). INITIAL 146
C'"" PARAMETERS NOT RESET HERE RETAIN THEIR VALUE FOR THE INITIAL 149
CG"" SUBSEQUENT RUN IF NOT EXPUCITLY DECLARED IN NAMELIST TKO. INITIAL 150

TKOTYPE = 'STATIC' INITIAL 151
NED = 2 INITIAL 152
ALPHA = ZERO INITIAL 153
DIST = ZERO INITIAL 154
HAGL = ZERO INITIAL 155
PRESALT =HRUNWAY INITIAL 156
THETAF =ZERO INITIAL 157
TIME =ZERO INITIAL 158
VKFAIL =ZERO INITIAL 159
VKROTAT = ZERO INITIAL 160
VKSTART =ZERO INITIAL 161
XLF =1.0 INITIAL 162
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.SIF(MAJNUVR.EO.'tND '.OR.MANUNR.EQ.TOLLN THEN HTImm 163
Gt t  INITAUZE FLAGS FOR THE LANDING MANEUVER. INITIAL 1644

AOAOFLG =.FALSE. INITIAL 165 q
GEFLAG =.FALSE. INITIAL 166
RTOFLAG = .FALSE. INITIAL 167
UFTOFF =.TRUE. INITIAL 168
ROTATE =.TRUE. INITIAL 169
IF(ENGGRP.EQ.'NUL) ENGGRP = 'AEI INITIAL 170

C't  INITIAL 171
C"" RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY). INITIAL 172
C"" PARAMETERS NOT RESET HERE RETAIN THEIR VALUE FOR THE INITIAL 173
C"" SUBSEQUENT RUN IF NOT EXPLICITLY DECLARED IN NAMEUST LND. INITIAL 174

NEQ = 4 INITIAL 175
ALPHA =99.0 INITIAL 176
GAMMAPP = 1.0 INITIAL 177
HFLARE = -1.0 INITIAL 178
STEADY =.TRUE. INITIAL 179
VKAPP = 1.0 INITIAL 180
WRITITR =.FALSE. INITIAL 181

C"" INITIAL 182
C**" INITIALIZE ADDmONAL PARAMETERS. INITIAL 183

ALPHMX = THTMAX INITIAL 184
HAGL = HCLEAR INITIAL 185
IF(VKFLAP.EQ.ZERO) VKRF.AP = VKFLIJX INITIAL 186

ENDIF INITIAL 187
CALL SPDBRAK (RESET',SPDBRKSPDBRKOZERO) INITIAL 188
CALL SPOIL ('RESET,SPOILERZERO ,ZERO) INITIAL 189

ENDIF INITIAL 190 4
RETURN INITIAL 191
END INITIAL 192
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BSubmfuin FRETRAC

SUBROUTNE FRETRAC(FLAPVIFLAPDRAPDT) FRETW I
C"" ThI SUBROUTINE CONTROLS RETRACTION OF THE FLAPS BASED UPO FLAP FRETRA 2
C-' RETRACTION SPEED MOWRA) AND THE DELTA TIME FOR RAP RETRACTION FRETRAC 3
C-" (OlAPOT). FRETRAC 4

DOUBLEPRECIION DTIMunEjDTimEJT C1TRL
PARAMETER (LUIN-3,LUOJT-4) CTTIL 2
COMMONICTRIJ DTIMEDTME,K)OUNT~JDEBUGKENGUSM CTRL& M~~3q~ 3

& NEO,NPAGETIMETIMEROL C1TlI. 4
LOGICAL AOAOFLGBRKFLAGCLRHGTERRFLAG,FAILFLGFLAPFLGFPCTFLG, RAGS I

& GEFLA,LGRRLAGUFrOFFOVERFLG,REVFLAGRERSEROTATE. RAGS 2
& RTORAG,SBKFLAG,SPLRJ,SPOOLSTEADYTE*MIFGVETR.G, RAGS 3
& vWI.AGWRITIT RLAGS 4

COMMONIFLAGS/ AOAOFLG.BKRKAGCLRHGTERRFLAG,FAiLR.GAPFLG, RAGS 5
& FPCTFLGGEFLACLGRFLAG,UFTOFF,OVERFL3,REVRAG, RAGS 6
& REVRSEROTATE~RTOFLAGSBKFLAGSPLR.AG.SPOOLSTEADY. RAGS 7
& TERMRLG,VECTFLGVFFLAGJWRMTR RLAGS a

GOMMOWIFLAPDAT/ IFLAPMAXSO1ZFPARY(5),VFLPARY(5) RLAP WT I
DOUBLE PRECISION TIMEJ FRETRAC a
LOGICAL INIRLAP FRETRAC 9
IF(.NOT.INIFLAP) THEN FRETRA 10

Ctm  INITIATE RAP RETRACTION. FRETRAC I1I
INIFLAP = -TRUE. FRETRAC 12
LINENUM = UINENUM +1 FRETRAC 13
IF(1FLAP .LE.0) IFLAP =1 FRETRAC 14
IF(DRAPDT .EO.0.0) DRLAPOT = 1.0 FRETRAC is0IFIF'.AP.LE.MAXSIZF) THEN FRETRAC 16

FLAPNEW = RLPARY(IFI.AP) FRETRAC 17
ELSE FRETC 1s

FLAPNEW = 0.0 FRETRAC 1e
ENDF FFIETRAC 20
TIMEJ =TIME FRETR2 ~1
TIMEFIP z (FLAP.- RAPNEWYDFLAPDT FRETRAC 22
WRITE(LUOUT,1001) RAPNEWTIMEFLP FRETRAC 23

1001 FORMAT( 'FLAPS RETRACTED TO ',4.1, DEGREES IN', FRETRAC 24
& F4.1,' SECONDS.1 FRETRAC 25

ENDIF FRETRAC 26
IF(INIFLAP) THEN FRETRAC 27

FLAP c FLAP - DFLAPDT-FLOAT(TIME - 11MEJ) FRETRAC 28
IF(FLAP.LE.FLAPNEW) THEN FRETRAC 29

RLAP - FLAPNEW FREI PAC 30
IF(IFLAP.LE.MAXSIZF THEN FRETRAC 31

IFLAP = IFLAP +1 FRETRAC 32
VKFLAP = VFLPARY(IFLAP) FRETRAC 13

ENDIF FRETRAC 34
INIFLAP = .FALSE. FRETRAC 35
IF"FA.LE.O0O) FLAPFLG .FALSE. FRETRAC 36

ENDIF FRETRAC 37
ENDIF FRETRAC 38
TIMEJ aTIME FRETRAC 39
RETURN FRETRAC 40
END FRETRAC 41
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Subroutine OREltRAC

SUBROUTINE GRETRAC(DCDLGRDTGEAR,HAGL) GRETRAC 1
C"" THIS SUBROU`TINE CONTROLS RETRACTION OF THE LANDING GEAR AND GRETRAC 2
C*" RETURNS THE DELTA DRAG COEFFICIENT OF THE LANDING GEAR (DCDLGR) GRETRAC 3
C"" BASED UPON THE DELTA TIME TO RETRACT THE GEAR (DTGEAR) AND ELAPSED GRETRAC 4
C*" TIME FROM GEAR RETRACTION. GRETRAC 5

DOUBLEPRECISION DTIMEDT1MEJ,TIME CTRL 1
PARAMETER (LUIN=3,LUOUTu4) Cia19 2
COMMON/CTRIJ DTIME,DTIMEJ,ICOUNTJDEBUG,KENG,UNENUM,WMSG,NCOUNT, CTFL 3

& NEQ,NPAGETIMETIMEROL CTRL 4
LOGICAL AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFrOFFOVERFLG,REVFLAG,REVRSEIROTATE, FLAGS 2
& RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITITR FLAGS 4

COMMONIFLAGSt AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAJLFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTOFLAG,SBKFLAG,SPLR.AG,SPOOLSTEADY, FLAGS 7
& TERMFLGVECTFLGVFFLAG,WRMTR FLAGS 8

REAL LGRARY(6) GEARDAT 1
COMMON/GEARDATI IGEAR,MAXSIZG,LGRARY GEARDAT 2
LOGICAL INIGEAR GRETRAC 19
IF(.NOT.INIGEAR) THEN GRETRAC 10

Cu"* INMATE GEAR RETRACTION. GRETRAC I1I
INIGEAR = .TRUE. GRETRAC 12
UINENUM = UINENUM +I GRETRAC 13
IF(IGEAR.LE.0) IGEAR =1I GRETRAC 141
TGEARUP = FLOAT(TME) + DTGEAR GRETRAC 1
WRITE(LUOUT,1002) TIME,HAGLTGEARUP GRETRAC 16

1002 FORMAT( ' GEAR RETRACTION MME = ',F6.2,' HAGL =',F8.1, GRETRAC 17
& 'COMPLETE AT ',F6.2,' SECONDSY) GRETRAC 18

ENDIF GRETRAC 19
IF(INIGEAR) THEN GRETRAC 20

DGTIME = TGEARUP - FLOAT(TIME) GRETRAC 21
IF(LGRARY(ij.EQ.0.000) THEN GRETRAC 22

C* GEAR DRAG INCREMENT REDUCED UINEARLY WITH TIME IN~ DTGEAR GRETRAC 23
C**SECONDS. GRETRAC 24

GRFACTR = DGT1ME/DTGEAR GRETRAC 25
DCDLGR = DCDLGR*GRFACTR GRETRAC 26
IF(DCDLGR.LE.0.0000) THEN GRETRAC 27

C"RESET VARIABLES AND FLAGS. GRETRAC 28
DCOLGR = 0.0000 GRETRAC 29
INIGEAR = .FALSE. GRETRAC 30
LGRFLAG = .FALSE. GRETRAC 31

ENDIF GRETRAC 32
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ELSE GRETRAC 33
C"" GEAR DRAG INCREMENT OBTAINED FROM USER INPUT ARRAY, LGRARY. GRETRAC 34
C'*" EACH ELEMENT IN THE ARRAY IS ASSIGNED TO DCDLGR FOR ONE GRETRAC 35
C'*** SECOND UNTIL DCDLGR EQUALS ZERO OR IGEAR EXCEEDS MAXSIZG. GRETRAC 36

IGEAR = INT(DTGEAR - DGTIME) + 1 GRETRAC 37
IF(IGEAR.LE.MAXSIZG) THEN GREIRAC 38

DCDLGR = LGRARY(IGEAR) GRETRAC 39
ELSE GRETRAC 40

C""' RESET VARIABLES AND FLAGS. GRETRAC 41
DCDLGR = 0.0000 GRETRAC 42
INIGEAR =.FALSE. GRETRAC 43
LGRFLAG = .FALSE. GRETRAC 44

ENDIF GRETRAC 45
ENDIF GRETRAC 46

ENDIF GRETRAC 47
RETURN GRETRAC 48
END GRETRAC 49
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Sub---.n FfrCH

SUBROUTINE PrTCH(MAMJVRAHADADTCMDPDT1ME,DMTDTEXWOU1) PITCH 1
C"" THIS SUBROUTINE MODULATES ANGLE OF ATTACK TO MATCH AN INPUT PITCH PITCH 2
C"" ATITITDE OR CLIMB SPEED IF LIMIT CONDITIONS ARE MET. THE RATE AT PITCH 3
C'" WHICH ANGLE OF ATTACK( IS INCREASED IS UASED ON LOAD FACTOR (L)PITCH 4
C*"' AND AN INPUT FIRST DERIVATIVE OF ALPHA WITH RESPECT TO TIME PITCH 5
C"" (DADTCMD). PITCH 6
C*"" PITCH 7

C~OMMON/RCRFTI AOA3FTARB,OGPCT~CLALPHGONFIG,DMTD1JXFLTGWTHZ, AIRCRFT 1
& LOADING,SWlNGIWhMAXWNGLOOXLFMAX NIRCRFT 2

COMMON/MIRBORNI ALPHAJLPHMXDTDTGAMMAPP,ROCFPMTHETAFXLFXLFJ NRBfiORN 1
DOUBLEPRECISION FPVTASGAMMAR,4FPDISTPRESALTFPACCELDGDTR,VHAS, FPINTEG 1

& ROCRKAIR FPINTEG 2
COMMOtIFfPINTEW( FPVTASGAMMARPDSTPRESALTFPAGCELDGDTRIVHAS FPINTEG 3

& ROCWRKAR(40) FPINTEG 4
PARAMETER (ASL=661 48,FPSKTS=1.687806,G= 32.174, CONST 1

& RX.57.29577951308,TSLF:69.O,ZERO=0.0) CONST 2
COMMONJCONSTI ASLSQRS,T WOO VR7 CONST 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOFLAG,SBKFLAGSPLFLAG,SPOOLISTEADYTERMFLGVECTFLG, FLAGS 3
& VFFLAGWRITTR FLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE~ROTATERTOFLAG,S8KRAG,SPLRAG,SPOOLSTEADY, FLAGS 7
& TERMFLGVECTFLGVFFLAGWRITTR RLAGS a4

CHARACTER MiANU VR*7 PITCH 14
DOUBLE PRECISION DTIME PITCH 15
IF(DTDTGEX.LEO0.0) D`TDTGEX = 1.0 PITCH 16
IF (DADTCMD.lT.0.0) THEN PITCH 17

C'"' REDUCE ANGLE OF ATTACK - DADTCMD NEGATIVE. PITCH 18
IF (MANUVR.E0.'CUlMBj THEN PITCH 19

IF(XLF.GE0.8.5) THEN PITCH 20
RFACTOR = .0'WDTDTGEX PITCH 21

ELSE PITCH 22
RFACTOR = 0.25'DTDTGEX PITCH 23

ENDIF PITCH 24
ELS6lF(MANUVR.EQ.ANDlNG~) THEN PITCH 25

RFACTOR - DTDTGEX PITCH 26
ELSEIF(MANUVR.EQ.?ROLL') THEN PITCH 27

RFACTOR = DTDTGEX2.0 PITCH 28
ELSEIF(MANUVR.EQ.'ROTATE') THEN PITCH 29

RFACTOR = 1.0 PITCH 30
ELSE PITCH 31

RFACTOR = 1.0 PITCH 32
ENDIF PITCH 33
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ELSEIF(DADTCMD.GT.0.0) THEN PITCH 34
C"" INCREASE ANGLE OF ATTACK - DADTCMD POSITIYE. PITCH 35

IF (MANUVR.E-O.WCIMB THEN PITCH 36
IF(THETAF.LETHTMAX) THEN PITCH 37

IF (XLF.GE.O.9) THEN PITCH 38
RFACTOR = DTDTGEX PITCH 39

ELSEF(LF.LT.0.9 AND. XLF.GE_0.8) THEN PITCH 40
RFACTOR = DTDTGEX2.0 PITCH 41

ELSE PITCH 42
RFACTOR = DTDTGEX'3.0 PITCH 43

ENDIF PITCH 44
ELSE PITCH 45

TERMFLG = .TRUE. PITCH 46
RFACTOR = 0.0 PITCH 47
WRITE(LUOUT,1 003) THETAFTHTMAX,XAF PITCH 48

ENDIF PITCH 49
1003 FORMAT( 'THE PROGRAM HAS ATTEMPTED TO SIMULATE A CLIMB', PITCH 50

& 'OR PULLUP THAT IS BEYOND THE INPUT UMITS OF',, PITCH 51
& 'MAXIMUM PITCH ATTITUDE.'/, PITCH 52
& ' THETA, MAX THETA, LOAD FACTOR =', F10.2, PITCH 53
& 'DEGREES',F1O.2,' DEGREES',FI0.2,' G-) PITCH 54

ELSEBF(MANUVR.EW.`LANDING' THEN PITCH 55
IF(XLF.GE.1.0) THEN PITCH 56

RFACTOR = DTDTGEX PITCH 57
ELSE PITCH 58

RFACTOR = DTDTGEX'2.0 PITCH 59
ENDIF PITCH 60

ELSEIF(MANUVR.EQ.IROLL ') THEN PITCH 61
RFACTOR = DTDTGEX PITCH 62

ELSEIF(MANUVR.EO.'ROTATE') THEN PITCH 63
RFACTOR = 1.0 PITCH 64

ELSE PITCH 65
RFACTOR = 1.0 PITCH 66

ENDIF PITCH 67
ELSE PITCH 68

TERMFLG = .TRUE. PITCH 69
WRITE(LUOUT,1004) PITCH 70

1004 FORMAT( 'NO PITCH MODULATION IS POSSIBLE. DADTCMD IS SEP, PITCH 71
& 'TO ZERO.') PITCH 72

ENDIF PITCH 73
ALPHA = ALPHA + DADTCMD'FLOAT(DTIME)*RFACTOR PITCH 74
GAMMA = GAMMAR*RX PITCH 75
THETAF =ALPHA+GAMMA PITCH 76
IF (THETAF.GT.THTMAX AND. ( UFTOFF)) THEN PITCH 77

THETAF =THTMAX PITCH 78
GAMMA = THTMAX - ALPHA PITCH 79
GAMMAR = GAMMAIRX PITCH 80

ELSEIF (THETAF.GT.THTMAX AND. (.NOT.UFTOFF)) THEN PITCH 81
THETAF - THTMAX PITCH 82
ALPHA = THTMAX PITCH 83
GAMMAR = 0.0 PITCH 84

ENDIF PITCH 85
RETURN PITCH a6
END PITCH 87
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Subowine SPDBRAK

C"" THIS SUBROUTINE CONTROLS THE SPEED BRAKES BASED UPNThE CHARACTER SPOBRA
C-- VARIABLE (ACTION AND THE TIME RATE OF CHANGE OF SPEED BRAKE ANGLE SPDBRA
C-" (DSBKD1. THE VAUID VALUES FOR ACTION ARE- 'RESET' SPDBRAK
C""* 'DEPLOY', AND TIETRAIC1. SPDBRAK

DOUBLEPRECISION DTIMEXDIME4JTIME CTRL.
PARAMETER (LPW=,LUOUT-4) CTRL
COMMONICTRI D11MEDT1MEJ,IGOUNTDEBUG,KENG,UNENUIM,WUMSG,NGOUNT, CTRL

& NEQ,NPAGETIMEJPIMEROL CTRL
LOGICAL AOAOFLG,BRKFLAGCLRHGTERRFLAG,FAILFLGFRAPFLG,FPCTFLG, FLAGS

& GEFLA,LGRFLAGJ.IFOFFOVERFLG,REVFLAG,REVRtSEROTATE, FLAGS
& RTOFLAG,SBKFLAGSPLFLAG SPOOLYSTEADY TERMFLGVECTFLG, FLAGS
& VFFLAG,WRMTR FLAGS

COUMONIFRAGSI AOAOFLGBRKFLAG,CLRHGTERRFLAG,FNILFLG,FLAPFLG, FLAGS
& FPCTFLGGEFLAG,LGRIFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS I
& REVRSE,ROTATERTOFLAG,SBKRAGSPLFLAG,SPOOLSTEADY, FLAGS '
& TERMFLG,VECTFLG,VFFLAG,WRmfTR FLAGS I

CHARACTER ACTION7 SPOBRAK I
DOUB3LE PRECISION TIMEJ SPDBRN(
LOGICAL INISBK SPDBRAJ( U
IF (ACTION.EQ.'RESET' THEN SPDBRAK 11

INISOK = .FALSE. SPDBRAK
SBKRLAG = .FALSE. SPDBRAK 1
SPDBRK =SBKEND SPOBRAK JA
RETURN SPDBRAK 1

ELSEIF (.NOTJINISBK) THEN SPOBRAK l(
C"" INWATE SPEED BRAKE DEPLOYMENT OR RETRACTION. SPOBRAK 1

INISBK = .TRUE. SPDBRAK I I
UINENUM = UINENUM +1I SPOBRAK 11
IFPS8KT.EQ.0.0) DSBKDT = 90.0 SPDBRAK 21
11MEJ = TIME SPDBRAK 2'
TIMESBK = (SBKEND - SPDBR)IDSBKDT SPDBRAK z
IF (ACTION.EQ.1DEPLOY'I THEN SPOBRAK z

WRITE(LUOUT,1 006) SBKEIDTIMESBK SPDBRAI( 2
ELSEIF(ACTION EO.'RETRACT) THEN SPDBRAK 2

WRITE(LUOU,1006) SBKENDTN1ESBK SPOBRAK 2
ENDIF SPDBRAK 2

1005 FORMAT( 'SPEED BRAKES DEPLOYED TO~,F5.1,' DEGREES; 110,5.1, SPDBRAK 2
& 'SECONDS.') SPDBRAK 2

1006 FORMAT( 'SPEED BRAKES RETRACTED TO`,F5.1,'DEGREES IN',F5.1, SPDBRAK 3
& ' SECONDS.') SPOBRAK 3

ENIDIF SPDBRAK 2
IF(NSBK) THEN SPDBRAK

IF(ACTION.EQ.'DEPOY'I THEN SPOBRAK z
SPDBWK a SPDBAK + DSBKDT'FLOAT(TIME - TIMFEJ) SPDBRAK
IF(SPDBRKGE.SBKEND) THEN SPDBRAK

NSBK =.FALSE. SPDBRAK
SBKFLAG z.TRUE. SPDBRAK
SPDBAK = SOKEND SPDBRA

ENDIFSPDBRA
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ELSE SPDOAA 41

$BKRAG = .FALSE. SPDBRAK 42

SPDOW - SPOORK - DMMKT¶OAT(TMW - TIMEJ) SPDORA 43
iF(s&KEND.LE.o0) SOKBIID = 0.0 SPDBRAK( 4

IF(%VBJEq~e) TENSPDBRAK 45

jF(spDeRK.E.o.o) INISBK =.FALSE. SPDBRAK 46

SPOBAK - SBKEI V SPOBRA 47

ENOIF SPDBRAK 48

ENDIF SPDBRAJ( 49

ENDIF SPDBRAJ( 50

TIMEJ =TIME SPDBRAK 51

RETRM SPOBRAK 52

END SPDBRAJ( 53
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Subroutine SPOEL

SUBROUTINE SPOIL CTIONSPOILERSPLRENDDSPLRDT) SPOIL 1
C"" THIS SUBROUJTINE CONTROLS THE SPOILERS BASED UPON THE CHARACTER SPOIL 2
C-" VARIABL (ACTION AND THE TIME RATE OF CHANGE OF SPOILER ANGLE SPOIL 3
C"" (DSPLRPDT). THE VALED VALUES FOR ACTION ARE. MRETE SPOIL 4
C" 'DEPOY', AND 'RETRACT'. SPOIL 5

DOUBLEPRECISION DTIMEDTIMEIJTIME CTRL 1
PARAMETER (WIN=3-,LUOIJTh4) CTRL 2
COMMONIUTRLI OTIMEOTIMEJ,IGUTJDE)BUGENG,UNENUM,LUMSG,NGOUNT, CTRIL 3

& NEQ,NPAGETIWETIMEROL CTRL 4
LOGICAL AOAOFLG,BRKFLAGCLRHGTERRFLAG,FAILFLG,RAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRRAG,UFrOFFOVERR.G,REVFLAGREVRSE.ROTATE, RLAGS 2
& RTOR.AG,S8KFLA,SPLFLAGSPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRMTTR FLAGS 4

COMMOINIFLAGS/ AOAOFLG,BRKFLAGCLRHGTERRFLAG,FNILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGERLAG,LGRFLAG,UFTOPFOVERFLG,REVFLAG, FLAGS 6
& REVRSE~ROTATERTORLAG,SWKLAG SPLRLAGSPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAGWRMTR FLAGS 8

CHARACTER ACTION'7 SPOIL 8
DOUBLE PRECISION TIMEJ SPOIL 9
LOGICAL INISPLR SPOIL 10
IF (ACTION.EQ.'RESET I THEN SPOIL 11

INISPL = .FALSE. SPOIL 12
SPLFLAG = .FALSE. SPOIL 13
SPOIL.ER =SLREIID SPOIL 14
RETURN SPOIL 15

ELSEIF (.NOT.INISPL) THEN SPOIL 16
C"" INMATE SPOILER DEPLOYMENT OR RETRACTION. SPOIL 17

tWISPLR = .TRUE. SPOIL 18
UINENUM = UINENUMt 1 SPOIL 19
IFDPLRDT.EO.0.0) DSPLRDT = 90.0 SPOIL 20
TIMEJ = TIME SPOIL 21
TIMESPL. = (SPLREND - SPOILER)OISPLRDT SPOIL 22
IF (ACTION.EO.'DEPOY I THEN SPOIL 23

WRITE(LWU,1005) SPLRENDTIMESPL SPOIL 24
ELSEIF(ACTK)KON.'RETRACT) THEN SPOIL 25

WRITEAWLUOUT,0) SPLRENDTIMESPL SPOIL 26
ENDIF SPOIL 27

1005 FORMATN 'SPOILERS DEPLOYED TCY,F5.1,' DEGREES IN',F5.1, SPOIL 22
& 'SECONDS.') SPOIL 29

1006 FORMAT( 'SPOILERS RETRACTED TO`,FS.1,' DEGREES IN',5.1, SPOIL 3C
& 'SECONDS.') SPOIL 31

ENDIF SPOIL X~
IF(INSPLR) THEN SPOIL 3:

IF(ACTION.EO.'DEPLOY I)TIM SPOIL 34
SPOILER = SPOILER + DSPLRDTFOAT(TIME - TIMEJ) SPOIL 3!
IF(SPOULR.GE.SPLRBID) THEN SPOI 31

INISP - .FALSE SPOIL 37,
SPLFLAG - .TRUE. SPOIL 31
SPOILER - SPLREND SPOIL 31

ENDIF SPOIL 44
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ELSE SPOIL 41
SPLFG = .FALSE. SPOIL 42
SPOILER a SPOILER -DSPLUDTM LOATMTIME - TIMEJ) SPOIL 43
IF(S•PLREM).E.0.0) SPLREND - 0.0 SPOIL 44
IF(SOILER-EPSP... E ) THEN SPOIL 45

IF(SPOILERLEZERO) NSPLR FALSE SPOIL 46
SPOILER - SPLREND SPOIL 47

ENDIF SPOIL 48
ENDIF SPOIL 49

ENDIF SPOIL 50
TIMEJa TME SPOIL 51
RETURN SPOIL 52
END SPOIL 53

0
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Subrotine IVECMR

%zuGLmIVc TlmawECf~DVECTD1 TVECTOR I
C"*" THIS SUBROUTINE COMM~OL THE THRUST VECTORING BASED UPON THE TVECTOR 2
C"*" THRUST VECTORING TRIGGER ALTITUJDE (HVECT), THE THRUST TVECTOR 3
C-" VECTORING TRIGGER AIRSPEED (WECT), AND THE DELTA TIME FOR THRUST TVECTOR 4
C"- VECTORING (DVECTDT). TVECTOR 5

DOU8LEPRECISION DTIMEDTIMEJ,TIME CTRL. 1
PARAMETER (WIN=3,LUOIJT=4) CTRL 2
COMMONICTRL/ DTIME.DTIMEJ,IcUNJDEBUIG,KENG,UNENUM,LUMSGNGOUNT, CTRL 3

& NEQ,NPAGETI1METflMEROL. CTRL 4
LOGICAL AOAOFLG,BNRKFA,CLRHGTERRFLAGFAILFLG,FLAPFLGFPCTFLG, RLAGS 1

& GELAG,LGRRLAGUFTOFPOVERFLG,REVFLAG,REVRSE~ROTATE. FLAGS 2
& RTORLAG,SBKFLAGSPLFLAG,SPOOLISTEADYTERMFLGVECTFLG, FLAGS 3
& VFFLAGWRMTTR FLAGS 4

COMMONIFLAGS AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFL,LGRFLAG,UFTOFFOVERFLG,REVFLAG, RLAGS 6
& REVRSEROTATERTOFLAG,SBKRLAG,SPULFAGSPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAGWRITTR FLAGS 8

COMMONNECTDATI IVECT,MAXSIZVPXNUARY(5),HVCTARY(5),WCTARY(5) VECTDAT 1
DOUBLE PRECISION TIMEJ 1 VECTOR 9
LOGICAL INVECT TVECTOR 10
F(.NOTJINIVECT) THEN TVECTOR 11

C*"" INITATE THRUST VECTOR CHANGE. TVECTOR 12
INIVECT =.TRUE. TVECTOR 13
UINENUM = UINENUM + 1 TVECTOR 14
IF(IVECT I.E.0 ) VECT =1I TVECTOR 154
IF(DVECTDT .EQI.0.0 ) DVECTDT = 1.0 TVECTOR 16
IF(IVECT.LE.MAXSIZV THEN TVECTOR 17

XNUNEW = XNUARY(IVEC1) TVECTOR 18
ELSE TVECTOR 19

XNUNEW z30.0 TVECTOR 20
ENDIF TVECTOR 21
TIMEJ = TIME TVECTOR 22
TIME VCT z Q(NUEW - VTANGLEYiDVECTDT TVECTOR 23
IFMTMEVCT.LT.0.0) THEN TVECTOR 24

C"" A[DJUST SIGN OF TIME VCT AND DVECTDT SO THAT TIME VCT IS ALWAYS TVECTOR 25
C"" POSITVE AND DVECTDT IS POSITIVE IF THE VECTORED THRUST TVECTOR 26
C"" ANGLE IS INCREASING AND DVECTDT IS NEGATIVE IF THE VECTOR TVECTOR 27
C"" THRUST ANGLE IS DECREASING. TVECTOR 28

TIME VCT = -TIME VCT TVECTOR 29
DVECTDT = -DVECTDT TVECTOR 30

ENDIF TVECTOR 31
WRITE(LUOUT,1007) VTANGLEXtUNEWTIMEVCT TVECTOR 32

1007 FORMAT( -VECTORED THRUST ANGLE CHANGED FROM ',F4.1: TO,74.1. TVECTOR 33
& 'DEGREES IN',F4.1,' SECONDS.') TVECTOR 34

ENDIF TVECTOR 35
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IF(I~nIET THEN TVECTOR 36
VTI'MGLE z VTANGLE + DVECTDT*FLOAT(I1ME -TIMEJ) TVECTOR 37
IF(VrANQLELE.XNUNE THEN TVECTOR 38

WTANGLE z XNUNEW IVECTOR 39
IFOECTLE.MAXSEZV THEN TVECTOR 40

PIECT m VECT +1 TVECTOR 41
HVECT -HVCTARY(NVECT) TVECTOR 42
WECT - WCTARY(IVECT) TVECTOR 43

ENDIF TVECTOR 44
INIVECT =.FALSE. TVECTOR 45
IF(VTANGLL-EQ.O.O) VECTFLG = .FALSE. TVECTOR 46

ENDIF TVECTOR 47
ENDIF IVECTOR 48
TIMJ= TIME TVECTOR 49
RETURN TVECTOR 50
END TVECTOR 51
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Subroutine TAKOFP

SUBROUTINE TAKOFF(ALPHADIST) TAKOFF
C- THIS SUBROUTINE CONTROLS THE EXECUTION OF THE TAKEOFF MANEUVER TAKOFF
C- FROM BRAKE RELEASE THROUGH CUtvBOUT. SUBROUTINE TAKEOFF CALLS INTX TAKOFF
C- TO PERFORM THE NUMERICAL INTEGRATION OF THE RESULTANTS OF THE TAKOFF
C- EQUATIONS OF MOTION AND CALLS FORCEX TO OBTAIN THE FORCE TAKOFF
C~f COEFFICIENTS FOR THE EQUATION OF MOTION. TAKOFF q

C"" TAKOFF
C"" THE CONTINUED TAKEOFF IS DONE BY ACCELERATING TO SPEED VKFNIL, TAKOFF I
C- LINEARLY DECREASING WITH TIME THE NUMBER OF ENGINES FROM A VALUE TAKOFF I
C"* OF XENG TO A VALUE OF XENGOUT, CONTINUING THE GROUND ROLL TO TAKOFF V
C- VKROTAT, ROTATE (IF VKFNIL IS LESS THAN VKROTAT)I LIFTOFF AND TAKOFF 1
C"" CUMBOUT TO HMAX. VKFAIL MUST BE LESS THAN TAKEOFF SPEED FOR AN TAKOFF 14,
C"" ENGINE FAILURE TO BE INITIATED. TAKOFF 1
C,"" TAKOFF JA

DOUBLEPRECISION DTIMEDTIMEJ.TIME CTRL I
PARAMETER (LII=-3,LUOUT=4) CTRL
COMMONWCTRIJ DTIMEýDTIMAEJ,IGWOUN)JEBUIG,KENG,UNENUIMLUMS,NCOUNT, CTRL

& NEQ,NPAGETIMETIMEROL CTRL
COW*ONIWARCRFTI AOA3PTARB~CGPCTMcALPHOONFIGDMTDTMFLT,GWTHZ, ARCRFT

& LOADWNGSWINGTHTMAXWNGI.ODAXFMAX AIRCRFT
COMMOWAEROI C)4CYAWCMD,DGOXDLXDTDTGEXRFAPRPPCTQS, AERO

& SPDBRKSPOILERVKCASVKTAS AERO
COIAIONENGINE/ AITAMACHDTFAILEPRFEFG,FGPCT,NENG,PWRCODE, ENGINE

& REVNDXRCTHRUSTVANGLEWFUELXENGENGFLD, ENGINE
& XENGOUT)XILEXMLZFN EWA*N

COMAONNVECTORf HVECTWECT VECTOR
COMMOIWAIRBORN/ ALPHLPMAXDTDT,GAMMAPP ROCFPMTHETAFAXF,)UFJ NIRBORNi
COMMON(MIRSPED/ VKABRKVKAP,VKBRAKeVKENDVKFALVKRAPVKFLP)(, NRF:SPED

& VKMCG.VKROATVKSARTVKWINDWIND AiRSPED
COMMONIRUNAY/ ABARGAOAABRKBRAKMU.BRKFCTRGAMMARWGRIJ,HAGIL. RUNWAY

& HCLEARHRAREHGEARHRUNWAY,~IMU,RCR,ROLLMUTIMEFLD, RUNWAY
& TIMEBRKTIMELPT1MESBKTIESPL,X(MU RUNWAY

DOUBLEPRECISION VTASDITACCELVTASJ,RKGRND INTEG
COMMOMNVTEGI VASDISTACCELVTASJ,RKGRND(20) INTEG
DOUBLEPRECISION FPVTASGAMMAR,FPDISTPRESALTFPACCELDGDTRVHA, FPINTEG

& ROCRICAIR FPINTEG
GOMMONIFPINTEGJ FPVrASGAMMAR,FPDISTPRESALT,FPAGCELDGDTR,VHAS, FPINTEG

& ROCWRKAR(40) FPINTEG
COMMOWATMOS/ TEMPRPRESSRHOAFPS,VISCSIELTASJGMATHEUADTEMPF ATMOS
PARAMETER (ASL=681 .48,FPrSI(x1 .687806,G= 32.174, CONST

& RX157.296791308.TSLF=59.OEROiO.O) GONST
COMMON(CONSTI ASLSQR5,T WOO VR7 CONST
LOGICAL AOAOFLGBRKFLA,CLRHGTERRFLAG,FNLFLG,FLAPFLG,FPCTFLG, RLAGS

& GEFI.A,LGRR.AG,UFTOFF,OVERFLG,REVR.AGREVRSE.ROTATE, RLAGS
& FRTOFAG,SSKFLA,SP.LFAG,SPOOLSTEADYTEMFLG.VECTFLG, RLAGS
& VFFLAG,WRfT1TR RLAGS

COMMONIFLAGS/ AOAOFLG,BWKFLAGCLRHGT,ERRFLAG,FAILFLG,FLAPFLG, RLAGS
& FPCTFLGGERAG,LGRFI.AGAJFTOFFOVERFLG,REVFLAG, RLAGS
& REVRSE ROTATERTOFLAG,SBKR.A,SLFLAGSPOOLSTEADY, FLAGS
& TERMFI.G,VECTFLG VFFLAG WRITITR FLAGS
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CHARACTER ENGGRP*3,FAILGRP*3,FMILMOD'5,FAILST'4,MVR'3,MANUVFr6, CHARY 1
& THRCRV*3,TKOTYPE'7 CHARY 2

COUMON/CHARV/ ENGGRPFAILGRP,FAILMODFMLSTMVR,MANUVR,THRGRV, CHARY 3
& TKOTYPE CHARY 4

COMMONJFLAPDATI IFLAP,MAXSIZFFLPARY(5),VFLPARY(5) FLAPOAT 1
REAL. LGRARY(6) GEARDAT 1
COMMONIGEARDATI IGEAR,MAXSIZG,LGRARY GEARDAT 2
COMlMOtWEGTDATI IVECT,MAXSIZVXNUARY(5),HVCTARY(5),WCTARY(5) VECTDAT 1
LOGICAL INIVCLMINISEG1,INISEG2,VCOFlAG TAKOFF 31
REAL ATMARY(S),S(48),T(24),t4TERP TAKOFF 32
EQUIVALENCE TMUPRATMARY(1)),(FPVTAS,3(1)),(VTAST(l)) TAKOFF 33
EXTERNAL DERIVGR,DERIVATIINTERP TAKOFF 34
DATA DISTMAXHCLIMB, HCLMOUT, HGEAFIHMAX, ROLLUAX, THTCLM, THTFLY, TAKOFF 35

& / 60760., 100., 200., 205., 1000., 120.0, 10.0, 8.0,1, TAKOFF 36
& THTROTTHTrOLTIMEMAXVCLMOUT, VKEND,VKFAIL, VKRAP VKROTAT TAKOFF 37
& I 10.0, 0.1, 300., 0., 250., 0., 0., 0./, TAKOFF 38
& VKSTARt TAKOFF 39
& I O TAKOFF 40

NAMEUSTfrKc~rHGEAR,HMAX,THrCLM,THTROT,VKFAIL,VKROTAT TAKOFF 41
NAuEUST/rKO2ZDSTMAX,HGUMB,HCLMOUr,ROu.MAX,THTFLY,THTTOL, TAKOFF 42

& TIMEMAXTKOTYPVCLMOUTYKEND,VKFLAP,VKSTART TAKOFF 43
NAMEUSTIIKOARY/FLPARY,VFLPARY,HVCTARY,WCTARY,XNUARY TAKOFF 44

Ctm. TAKOFF 45
C** INPUT DATA LOADED INTO TAKOFF THRU NAMEUISTS ,TKOI AND /TKOARYI. TAKOFF 46

READ(WUIN,TKO) TAKOFF 47
READ(LUIN,TKO2) TAKOFF 48
READ(LUIN,TKOARY) TAKOFF 490C**** TAKOFF s0

C*m' TERMINATE PROGRAM IF ROTATION SPEED NOT INmTAIJZE. TAKOFF 51
IF(VKROTAT.EQ.ZERO) CALL HALT(WLIN,LUMSG,LUOUT, TAKOFF 52
& 'VKROTAT NOT INPUT BY USER.1 TAKOFF 53

C""* TAKOFF 54
C"'' INITIALIZE INTERNAL SUBROUTINE LOGIC CONTROL VARIABLES. TAKOFF 55

INIVCLM = INISEGI = INISEG2 = LIFTOFF = ROTATE = VCOFLAG =Y.ALSE. TAKOFF 56
C"" TAKOFF 57
C"" INITALIZE LOGIC FLAG BASED ON ENGINE FAILURE SPEED. TAKOFF 58

IF(VKFNILEQ.ZERO) THEN TAKOFF 59
FAILFLG = .FAL.SE. TAKOFF 60

ELSE TAKOFF 61
FAJLFLG = .TRUE. TAKOFF 62

ENDIF TAKOFF 63
C"TAKOFF 64

C"" INITIALIZE CURVE FILES. TAKOFF 6E
CALL INICURV TAKOFF 6E

C***TAKOFF 67
C-" INITALIZE INTERNAL SUBROUTINE PARAMETERS. TAKOFF 6E

TEMPF = TSLF +DTEMPF - 0.0035866HRUNYWAY TAKOFF 66
THTMAX = THTROT TAKOFF 7C
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Co"* TAKOFF 71
C"" OBTAIN ATMOSPHERIC VARIABLES. TAKOFF 72

CALL ATMOSPH(RUNWAYATMARY) TAKOFF 73
C"" TAKOFF 74
C"" SUM VIKTART AND VKWIND TO CALCULATE INITIAL AIRSPEED FOR ROLLING TAKOFF 75
C"" MINIMUM INTERVAL TAKEOFFS. TAKOFF 76

VKTAS = VKWIND + VKSTART TAKOFF 77
VWAS = VKTAS'FPSKTS TAKOFF 76

C"" TAKOFF 79
C"" CALIBRATED AIRSPEED EQUATION TAKOFF 80
Ct ' ASLSOR5 = 661.48'SQRT(5.0); TWOOVR7 = 2.0/7.0 TAKOFF 81
C"" VKCAS = ASL'SQRT(5.O'(DELTA' TAKOFF 82
C**& ((1.0 + 0.2"AMACH"2)**3.5 - 1.0) + 1.0)**(2.0/7.0) - 1.0)) TAKOFF 83

CALL SPEED(O.0,VTAS,VWINDAMACH,QS,VKCAS,VKEASVKTASVKTGS,VTGS) TAKOFF 84
C"" OBTAIN INITIAL CONDITIONS OF THRUST AND FORCE COEFFICIENTS FOR TAKOFF 85
C"" GROUND ROLL TAKOFF 86

CALL FORCEX(ALPHACD,CL) TAKOFF 87
C"" TAKOFF 88
C"" OBTAIN STATIC THRUST TO WEIGHT RATIO. TAKOFF 89

TOVERW = THRUST*(FLOAT(NENG)rXENG)IGWT TAKOFF 90
C*"" TAKOFF 91
C**" INITIALIZE THRUST ANGLE SCHEDULES FOR AIRBORNE PORTION OF TAKOFF 92
C"" TAKEOFF. TAKOFF 93

HVECT = HVCTARY(1) TAKOFF 94
WECT = WCTARY(1) TAKOFF 95
VTANGLE = XNUARY(1) TAKOFF 96

C"" TAKOFF 97
C"" REINITIALIZE THE WCTARY ARRAY ELEMENTS FOR ANY CORRESPONDING TAKOFF 98
C"" ELEMENTS IN THE HVCTARY ARRAY. THIS GIVES ALTITUDE BREAKPOINTS TAKOFF 99
C"" PRECEDENCE OVER AIRSPEED BREAKPOINTS FOR THRUST VECTORING TAKOFF 100
C*" MODULATION. TAKOFF 101

DO 101 = 2,MAXSIZV TAKOFF 102
IF(HVCTARY(I).NE.ZERO) WCTARY(I) = ZERO TAKOFF 103

10 CONTINUE TAKOFF 104
C""* TAKOFF 105
C*"* INITIALIZE FLAPS FOR GROUND ROLL TAKOFF 106

IF (VF.PARY(1) .NE.ZERO) THEN TAKOFF 107
VKFLAP = VFLPARY(1) TAKOFF 108

ELSEIF(VKFLAP .EQ.ZERO) THEN TAKOFF 109
VKFLAP = VKFLPMX TAKOFF 110

ENDIF TAKOFF 111
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C""TAKOFF 112
C""* ECHO BACK PROGRAM INPUTS TO OUTPUT FILE. TAICOFF 113

IF(VW1ND.GE.ZERO) THENR~A TAO 1

WRITE(LUOtJT,1001) HUWYAMRJMF KW.HA~N`TKF 1
ELSE TAKOFF 116

WRITE(LUOUT,1 001) HRUNWAY.GAMMARWTEMPFABSqCJKIN),'rALWW TN(OFF 117
ENDIF TAKOFF 118
WRITE(LUOIJT,1002) GWTTHTROT,SWING,THTCWM,GWT'TOVERW/DETATHTFLY, TAKOFF 119

& WNGLODVCLMOUTTOVERW.HGEARXENGDADTCMD.DTFAIL TAKOFF 120
WRITE(LUOUT,1003) TAKOFF 121

& QCNUARY (I),I = 1,MAXSIZV, TAKOFF 122
& (VVCTARY (I,I = I,MAXSIZV,(HVCTARY(I),l = 1,AXSIZV, TAKOFF 123
& (FLPARY (I),I = 1,MAXSIMF,(VFLPARY(I)PI 1,MAXSMZ). TAKOFF 124
& HRUN WAY TAKOFF 125

WRflE(LUOUT,1004) TAKOFF 126
1001 FORMAAT( "INPUTS TO TAKE OFF -'J, ALTITUJDE =,F7.1, TAICOFF 127

& ALTITUDE =',F7.1,19X,'RUNWAY SLOPE =,F4.1,'DEGRIEES TAKOFF 128
& DEGREES-/S TAKOFF 129
& 'TEMPERATURE =7,7.1,* DEGREES PA, TAKOFF 130
& 7 ,7.1 ,- KNOT '.AB) TAKOFF 131

1002 FORMAT( AIARCRAFT PARAMlETERS!,20X, TAKOFF 132
& 'FUGHTPATH CONTROL PARAMETERS'/, TAKOFF 133
& I'GROSS RAMP WEIGHT =-',F9.O,2X, TAKOFF 134
& 'ROTATION PITCH ANGLE =',F6.1, TAKOFF 135
& W'IWrG AREA = =',F9.0,2X, TAKOFF 136
& SEGMENT I PITCH ANGLE --',F6.1, TAKOFF 137
& I'STATIC SEA LEVEL THRUST =-',Fg.0,2X, TAKOFF 1380& 'SEGMENT 11 PITCH ANGLE =',F6.11 TN(OFF 139
& I'WING LOADING =7,9.102, TAKOFF 140
& CLM UT IRSPEED -- F61, TAKOFF 141
& I'THRUSTM EIGHT =7F9.3,2X. TAKOFF 142
& 'GEAR RETRACTION ALTITUDE --,F6.1, TAKOFF: 143
& I'NUMBER OF ENGINES =-',F9.1.2X. TAKOFF 144
& 'COMMANDED ALPHA RATE =, F6.11 TAKOFF 145
& I,'',1X, TN(OFF 146
& 'ELAPSED ENGINE FAILURE TIME =-,F6.1) TAKOFF 147

1003 FORMAT(/,' FLAP AND VECTORED THRUST SCHEDULES V. TAKOF:F 148
& 9X,'FLAP RETRACTION SCHEDULE/S TAKOFF 149
& 12X,'FLAP DEFLECTIOIT,5F9.1,/, TAKOFF 150
& 12X,'SPEED -059.14/ TAKOFF 151
& 9XVECTORED THRUST ANGLE'J,12X,'ANGLE ', F9.11, TAKOFF 152
& 12X,~SPEED ',59.1/,12XALTITUDE059.0/, TAKOFF 153
& 9X,'ALL SPEEDS ARE CALIBRATED AIR SPEEDS AND ALL, TAKOFF 154
& 'ALTITUDES ARE ABSOLUTE ALTITUDES.,I, TAKOFF 156
& 1t TAKEOFF (ELEVATION -',FO.0,' FEET)',/) TAKOFF 156

1004 FORMATC TIME DtST. WEIGHT ALT. VCAS VTAS VTGS', TAKOFF 157
& 'ACCEL CL CD THETA ALPHA GAMMA DTHET, I AKOFF 156
& 'RIC LOAD THRUST XENG',, TAKOFF 159
& '(SEC) (FEET) (LBS) (FEET) (I(TS) (KTS) (ICES)', TAKOFF 180
& '(FPS2) (DEG) (DEG) (DEG) /DT, TAKOFF 161
& '(FPM) FACT (LBS) OR MU`4I TAI(OFF 162
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C"" TAKOFF 163
C"" GROUND ROLL INTEGRATIO VARIABLES. TAKOFF 1641C"" NEQI - NUMBER OF EQATIONS TAKOFF 166W
C"" DTIME - TIME INTERVAL, STEP SIZE (SECONDS) TAKOFF 166
C- VTAS =VELOCITY (FEETSECON) WITH RESPECT TO THE AIR TAKOFF 167
C-" DIST =DISTANCE (Pnl TAKOFF 168
C"- ACCEL= ACCEL.ERATION (FEE/SECOND"2) TAKOFF 169

GDIST - ZERO TAKOFF 170
CALL WJ1IEQTMEDTIMEJ.DERIVGRALPHA) TAKOFF 171
IF()1lME.GE.O.10DO) THEN TAKOFF 172

WRrTE(LUWUT,1005) TIME,GDIST,GWTHAGLVKCAS,VKTASThErAFACCEI, TAKOFF 173
& CL~CDZER HAZEROZEROZEROXLFTHRUST, TAKOFF 174
& XENG TAKOFF 175

ELSE TAKOFF 176
WRITE(LUOUT,1006) 11MEGDIST,GWTHAGLVKCASIVICTASTHETAFACCEL, TAKOFF 177

& CLCDZERO~ALMfAIZEROZEROZEROXLFTHRUST, TAKOFF 178
& XENG TAKOFF 179

ENDIF TAKOFF 180
1005 FORMAT(F6.1 ,F8.0,F9.0,F8.1 ,3F7.1 ,F7.2,F8.4,F7.4,4F7.2,F8.1 ,F62, TAKOFF 181

& F9.O,F7.3) TAI(OFF 182
1006 FORMAT(F6.ZF8.O,F9.O,F8.1 ,3r7.1 ,F7.2,F8.4,F7.4,4F7.2,F8.1,F6.2, TAKOFF 183

& F9.0,F7.3) TAKOFF 184
C"" TAKOFF 185
C"*" GROUND ROLL INTEGRATION LOOP TAKOFF 186

19 DO 20NCQUNT=1,1 0 TAKOFF 187
ALPHA) = ALPHA TAKOFF 188
ThETAJ = ThETAF TAKOFF 189

C""* TAKOFF 1900
C""* UFTOFF CRITERION; IF UFT IS LESS THAN WEIGHT TAKOFF 191

IF (O0S'CY.LT.GWT'COSD(GAMMARW)) THEN TAKOFF 192
C"" UFTOFF CRITERION NOT MET TAKOFF 193
C"" TAKOFF 194
C"*" MAKE INTEGRATION STEP. TAKOFF 195

CALL INTZ(NEQTIMEDT1MET,DERIVGR,ALPHA) TAKOFF 196
CALL INTG( DIST,RKGRND(14),DT1ME,0.0,VWINDWFUEL, TAKOFF 197

DDIST,GDIST,GWT) TAKOFF 198
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C"' TAKOFF 199
C*" CALCULATE DYNAMIC PRESSURE, MACH NUMBER AND VELOCITIES. TAKOFF 200

CALL SPEED( 0.0,VrAS,VWNDAMACH,QSVKCASVKEASVKTAS, TAKOFF 201

VKTGS,VTGS) TAKOFF 202
C"" TAKOFF 203
C"" CHECK SPEED FOR VKFAIL TAKOFF 204

IF(VKCAS.GE.VKFAIL .AND. (.NOT.VFFLAG)) THEN TAKOFF 205
C""*' ENGINE FAILURE SPEED ATTAINED. TAKOFF 206

SPOOL =.TRUE. TAKOFF 207
VFFLAG = .TRUE. TAKOFF 208
TIMEFLD= FLOAT(TIME - DTIME) TAKOFF 209
IF(.NOT.RTOFLAG) THEN TAKOFF 210

XENGTRN = 1.0 TAKOFF 211
IF (FAILST.EQ.'IDLE') THEN TAKOFF 212

XENGEND = XIDLE TAKOFF 213
ELSEIF (FAILST.EQ.' MIL') THEN TAKOFF 214

XENGEND = XMIL TAKOFF 215
ELSEIF (FAILST.EQ.' OFF') THEN TAKOFF 216

XENGEND = ZERO TAKOFF 217
ELSE TAKOFF 218

XENGEND = 1.0 -XENGFLD TAKOFF 219
ENDIF TAKOFF 220
XENGF = 1.0 TAKOFF 221

ENDIF TAKOFF 222
IF(FAILFLG) THEN TAKOFF 223

C m'" ENGINE FAILURE OCCURS. TAKOFF 224
C"" PARAMETER ENGGRP SWITCHED TO FAILGRP FOR TAKOFF 2250C""* CONTINUED OR REFUSED PORTION OF TAKEOFF. TAKOFF 226

UNENUM = UNENUM + 1 TAKOFF 227
ENGGRP = FAILGRP TAKOFF 228
CALL INICURV TAKOFF 229
WRITE(_UOLr.1 OC7, TIME,GDIT",YCAS,VKTAS TAKCF'T 230

1007 FORMAT(' ENGINE FAILURE ('IME =',F6.2, TAKOFF 231
& ' DIST=',F8.1,' CAS = ',F7.1, TAKOFF 232
& 'TAS = ',F7.1,' KNOTS)') TAKOFF 233

ENDIF TAKOFF 234
ENDIF TAKOFF 235

"TAKOFF 236
C**" ENGINE FAILURE CONTROL TAKOFF 237

IF(ENGGRP.EQ.FAILGRP) THEN TAKOFF 238
IF (RTOFLAG)THEN TAKOFF 239

C**" REFUSED TAKEOFF TAKOFF 240
C"*' THIS FLAG RETURNS EXECUTION TO THE CALUNG PROGRAM TAKOFF 241
C*"" AT START OF THE ENGINE FAILURE. PROGRAM TAKOFF 242
C''" EXECUTION WILL PROCEED WITH SUBROUTINE ROLL. TAKOFF 243

ICOUNT = NCOUNT + 1 TAKOFF 244
RETURN TAKOFF 245
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ELSEIF (FAUWO.EQ.SEIZE') THEN TAKOFF 246
SPOOL a 5RUL- TAKOFF 2474XENn -XENGOUT TAKOFF 248W

ELSE TAKOFF 249
IF (DTFNILEQ.ZERO AND. (.NOT. SPOOL)) THEN TAKOFF 250

CALL SPOOLDFMfMEXEGENDXENTRN,SPOOLX)ENGF, TAKOFF 251
& LUSG)TAKOFF 252

XENG z XENGOUT + XENGF TAKOFF 253
ELSEIF(DTFAILNE.ZERO AND. (.NOT. SPOOL)) THEN TAKOFF 254

XENG =. XENG - XENGFLD'FLOAT(D11ME)/DTFAJL TAKOFF 255
IFXENG.LE.XENGOUT) THEN TAKOFF 256

SPOOL = .TRUE. TAKOFF 257
ENDIF TAKOFF 258

ELSE TAKOFF 259
XENG = XENGOUT TAKOFF 260

ENDIF TAKOFF 261
ENDIF TAKOFF 262

ENDIF TAKOFF 263
C*"' CHECK SPEED FOR VKROTAT. TAKOFF 264

IF(VKCAS.GE.VKROTAT) THEN TAKOFF 265
IF(.NOT.ROTATE) THEN TAKOFF 266

C*"* BEGIN ROTATION TAKOFF 267
ROTATE = .TRUE. TAKOFF 268
AOA0FLG = .FALSE. TAKOFF 269
UNENUM = UINENUM +1I TAKOFF 270
WRflE(LUOUT,1008) TIME,GDISTVKCASVKrG8 TAKOFF 271

1008 FORMAT( -ROTATION (TIME = ',F6.2, TAKOFF 272*& I DIST = ,F8.1,l CAS =1,F7.1, TAKOFF 273
I VG =1,F7.1,1'KNOTS)') TAKOFF 274

ENDIF TAKOFF 275
C"" TAKOFF 276
C*"" INCREASE ALPHA TO TAIL SCRAPE ANGLE AT RATE DADTCMD. TAKOFF 277

CALL PITCH('ROTATE ',ALPHADADTCMD,DTIME,DTDTGEX,LUOUT) TAKOFF 278
ENDIF TAKOFF 279

C*"* TAKOFF 280
C"" CHECK TIME FOR LIMIT OF GROUND ROLL TIME. TAKOFF 281

IF(FLOAT(TME).GT.ROLLMAX) THEN TAKOFF 282
WRITE(LUOUT,1009) TAKOFF 283

1009 FORMAT(/,' TIME LIMIT FOR GROUND RUN EXCEEDED.) TAKOFF 284
RETURN TAKOFF 285

ENDIF TAKOFF 2866
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IF(NCOUNT.EO.10) THEN TAKOFF 287
C"" CALCULATE ADDITIONAL OUTPUT PARAMETERS, WRITE OUTPUT AND TAKOFF 288
C"" INCREMENT UNE NUMBER COUNTER UNENUM. TAKOFF 289
C"" TAKOFF 290
C"" CALCULATE LOCAL(BASED ON THE CURRENT AND PREVIOUS TIME TAKOFF 291
C*"* POINTS) RATES OF CHANGE IN ANGLE OF ATTACK AND PITCH TAKOFF 292
C"" ATTITUDE. THESE ARE NOT THE COMMANDED RATES OF CHANGE TAKOFF 293
C"" IN ANGLE OF ATTACK AND PITCH ATTITUDE. TAKOFF 294

DADT = (ALPHA -ALPHAJYIFLOAT(DTIME) TAKOFF 295
DTHTDT = (THETAF -THETAJ)FLOAT(DTIME) TAKOFF 296
CALL FORCEX(ALPHACD,CL) TAKOFF 297
IF(DTIME.GE.0.10D0)THEN TAKOFF 298

WRITE(LUOUT,1005)TIME,GDIST,GWr,HAGL,VKCAS,VKTAS, TAKOFF 299
& VKTGSACCELCLCDTHETAFALPHAZERO, TAKOFF 300
& DTHTDTZERO,XLF,THRUSTXENG TAKOFF 301

ELSE TAKOFF 30C2
WRITE(LUOUT,1006)TIME,GDIST,GWT,HAGLVKCAS,VKTAS, TAKOFF 303

& VKITGSACCELCLCD,THETAFALPHAZERO, TAKOFF 304
& DTHTDTZERO,XLF,THRUSTXENG TAKOFF 305

ENDIF TAKOFF 306
UNENUM = UNENUM + 1 TAKOFF 307
IF(UNENUM.GE.NPAGE) THEN TAKOFF 306

C"** RESET UNE NUMBER COUNTER UNENUM AND WRITE HEADER TAKOFF 309
C"" FOR NEW PAGE. TAKOFF 310

UNENUM = 5 TAKOFF 311
WRITE(LUOUT,101 0) TAKOFF 312
WRITE(LUOUT,1004) TAKOFF 313

1010 FORMAT(IT TAKEOFF CONTINUED'`) TAKOFF 314
ENDIF TAKOFF 315

C"" RESTART GROUND ROLL INTEGRATION LOOP. TAKOFF 316
GO TO 19 TAKOFF 317

ENDIF TAKOFF 318
ELSEIF(.NOT.UFTOFF) THEN TAKOFF 319

C"" UFTOFF CRITERION MET. INITIALI ICOUNT FOR AIRBORNE TAKOFF 320
C"" INTEGRATION LOOP. THE VARIABLE ICOUNT, ALLOWS SUBROUTINE TAKOFF 321
C"" TAKOFF TO WRITE OUTPUT AT DTIME*1 0.0 SECOND INTERVALS AS TAKOFF 322
C"" PROGRAM EXECUTION PROCEEDS FROM THE GROUND ROLL INTEGRATION TAKOFF 323
C"" LOOP TO THE AIRBORNE INTEGRATION LOOP OR TO THE GROUND ROLL TAKOFF 324
C**" INTEGRATION LOOP IN SUBROUTINE ROLL FOR REFUSED TAKEOFFS. TAKOFF 325

ICOUNT = NCOUNT TAKOFF 326
UFTOFF = .TRUE. TAKOFF 327

ENDIF TAKOFF 328
20 CONTINUE TAKOFF 329
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C~m TAKOFF 33
C"" OUTPUT VARIABES AT UIFTOFF. TAKOFF 33110

UNENUM = UINBIUM +I TAKOFF 332W
WRITE(LOU,1011) TMEGDSTVKCASVK1GS TAKOFF 333

1011 FORMATCLUFTOFF (TIME = ',F6.2,' DIST = 7,8.1, TAKOFF 334
& 'CAS =7~7.1,' VG =',F7.1,' KNOTS)l TAKOFF 335

C"" TAKOFF 336
C"" AIRBORNE PORTION OF TAKEOFF TAKOFF 337
C"" TAKOFF 338
C"''* INITIALIZE THRUST ANGLE SCHEDULES FOR AIRBORNE PORTION OF TAKEOFF. TAKOFF 339

HVECT = HVCTARY(l) TAKOFF 340
WECT = WCTARY(1) TAKOFF 341

C"'' TAKOFF 342
C"" INITAIJZE AIRBORNE INTEGRATION VARIABLES. TAKOFF 343
C-" FPVTAS = VELOCITY ALONG FUIGHTPATH (FEETISECOND) TAKOFF 344
C"" GAMMAR = FUIGHTPATH ANGLE (RADIANS) TAKOFF 345
C"" FPDIST = DISTANCE ALONG FLIGHTPATH (FEET) TAKOFF 346
C-" PRESALT = ALTITUDE (FEET) TAKOFF 347
C-" FPACCEL = ACCELERATION ALONG FUGHTPATH (FEETISECOND-2) TAKOFF 348
C-" DGDTR = TIME RATE OF CHANGE OF FUGHTPATH ANGLE (RADIANS/SECOND) TAKOFF 349
C-m VHAS = HORIZONTAL AIRSPEED (FEET/SECOND) TAKOFF 350
C"" ROC = RATE OF CLIMB (FEET/SECOND) TAKOFF 351

NEO = 4 TAKOFF 352
FPDIST = DIST TAKOFF 353
FPVTAS =VTAS TAKOFF 354
GAMMAR = ZERO TAKOFF 355
RKAJR(27 = RKGRND(14) TAKOFF 35610CALL INTX(NEQ,TIME,DTIME,S,DERIVAT,ALPHA) TAKOFF 357
CALL INTG( DIST-,RKGRND(14),DTIMEGAMMAR,VWIND,WFUEL, TAKOFF 358

DDIST,GDISTGWT) TAKOFF 359
C*"" TAKOFF 360
Ctm' AIRBORNE INTEGRATION LOOP TAKOFF 361

IF(ICOUNT.EO.l 1) ICOUNT = I TAKOFF 362
29 00 30 NCOUNT=ICUNT,10 TAKOFF 363

ALPHAJ= ALPHA -TAKOFF 364
THETA) = THETAF TAKOFF 365
HAGL m PRESALT -HRUN WAY TAKOFF 366

C"" TAKOFF 367
C"*" MAKE INTEGRATION STEP. TAKOFF 368

CALL INTZ(NEQTIME,DTIMES,DERIVATALPHA) TAKOFF 369
IF(ERRFLAG) THEN TAKOFF 370

CALL ERROR(ROCFPM) TAKOFF 371
RETURN TAKOFF 372

ENDIF TAKOFF 373
CALL INTG( DISTRKAIR(27),DTIMEýGAMMAR,VWINDWFUEL, TAKOFF 374

DOIST,GDIST,G WI) TAKOFF 375
C"" TAKOFF 376
C"" OBTAIN ATMOSPHERIC VARIABLES. TAKOFF 377

CALL ATMOSPH(PRESALTATMARY) TAKOFF 378
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C*"* TAKOFF 379
C"" CALCULATE DYNAMIC PRESSURE MACH NUMBER AND VELOCITIES. TAKOFF 380

CALL SPEED( GAMMAR,FPVTAS,VWlNDAMACH,OS,VKCAS,VKEAS,VKTAS, TAKOFF 381
VKTGS,VTGS) TAKOFF 382

C"" TAKOFF 383
C"" CHECK FOR CLEARANCE HEIGHT HCLEAR. TAKOFF 384

IF ((.NOT.CLRHGT) AND. HAGLLT.HCLEAR) THEN TAKOFF 385
Ct"" STORE VALUES FOR HCLEAR FEET INTERPOLATION TAKOFF 386

FPVTASJ = FPVTAS TAKOFF 387
GDISTJ = GDIST TAKOFF 388
HAGU = HAGL TAKOFF 389

ELSBF((.NOT.CLRHGT) AND. HAGLGE.HCLEAR) THEN TAKOFF 390
C"" FIND VALUES AT HCLEAR FEET AGL TAKOFF 391

CLRHGT = .TRUE. TAKUFF 392
UNENUM xUNENUM + 1 TAKOFF 393
GDS0 = INTERP(GDIST ,GDISTJ ,HAGLHAGU,HCLEAR) TAKOFF 394
VTAS50 = INTERP(FPVTAS,FPVTASJ ,HAGLHAGLJ,HCLEAR) TAKOFF 395
CALL SPEED(GAMMARVTASSO,VVWINDAMACH,OS,VKCASVKEAS,VKTAS, TAKOFF 396

& VKTGS,VTGS) TAKOFF 397
WRITE(LUOUT,1012) HCLEAR,TIME,GD50,VKCASVKTAS TAKOFF 398

1012 FORMAT('ALTITUDE:',F5.0.'FEET (TIME = ,F6.2, TAKOFF 399
& 'DIST ='.F8.1,' CAS =',F7.1,' TAS = ',F7.1, TAKOFF 400
& 'KNOTS)') TAKOFF 401

ENDIF TAKOFF 402
C"" TAKOFF 403
Ct ' USE DEFAULT CUMB OUT SPEED IF NO USER INPUT. SET VCOFLAG TO TAKOFF 404
C"" .TRUE. TO PREVENT REINmAUIZNG VCLMOUT. TAKOFF 405

IF(.NOT.VCOFLAG) THEN TAKOFF 406
IF(VCLMOUT.EQZERO) VCLMOUT = VKCAS TAKOFF 407
VCOFLAG = .TRUE. TAKOFF 408

ENDIF TAKOFF 409
IF (HAGLLT.HCUMB) THEN TAKOFF 410

C*"" CONSTANT THETA PORTION OF TAKEOFF. TAKOFF 411
C"" MODULATE ALPHA FOR CONSTANT PITCH ANGLE CUMB OR TO COMPLETE TAKOFF 412
C"" ROTATION. TAKOFF 413

IF(.NOT.INISEG1) THEN TAKOFF 414
C*"" INITIATE CONSTANT PITCH ANGLE CLIMB AT SEGMENT ONE CUMB TAKOFF 415
C"" GRADIENT. SET MAXIMUM PITCH ANGLE TO THTCLM FOR CONSTANT TAKOFF 416
C"*" THETA PORTION OF TAKEOFF. TAKOFF 417

INISEGI =.TRUE. TAKOFF 418
THTMAX = THTCLM TAKOFF 419

ENDIF TAKOFF 420
C"" CONSTANT THETA PORTION OF TAKEOFF TAKOFF 421
C"" MODULATE ALPHA FOR CONSTANT THETA CUMB OR TO COMPLETE TAKOFF 422
C"" ROTATION. TAKOFF 423

CALL PITCHCROTATE ',ALPHADADTCMD,DTIME,DTDTGEX,LUOUT) TAKOFF 424
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ELSEIF(HAGLGE.HCUJMB .AND. KAGLLT.HCLMOUT) THEN TAKOFF 425
C"CONSTANT THETA TO CONSTANT CUMBOUT SPEED TRANSITON TAKOFF 42610
C"MODULATE ALPHA FOR CONSTANT SPEED CLUMB OUT WITHIN TAKOFF 427W
C**ALTITUDES HCUMB AND HCLMOUT. TAKOFF 428

IF(.NOT.INIVCLM) THEN TAKOFF 429
C**INMTATE CONSTANT CALIBRATED AIRSPEED CLUMB. TAKOFF 430

INIVCLM = .TRUE. TAKOFF 431
THTMAX = 89.9 TAKOFF 432
UNENUM = UNENUM + 1 TAKOFF 433
WRITE(LUOUT,1012) HCUMB,11ME,GDIST,VKCAS,VKTAS TAKOFF 434

ENDIF TAKOFF 435
IF(ROCFPM.GE.ZERO) THEN TAKOFF 436

IF(VKCAS.LT.VCLMOUT) THEN TAKOFF 437
C"REDUCE ALPHA TAKOFF 438

CALL PITCH(CUMB ',ALrNA,-DADTCMD,011ME,Di-hTGEX(, TAWCF:,rF 439
& LUOUT) TAKOFF 440

ELSE TAKOFF 441
C"INCREASE ALPHA TAKOFF 442

CALL PITCHCCUMB ',ALPHA, DADTCMD,D11ME,DTDTGEX, TAKOFF 443
& LuOUT) TAKOFF 444

ENDIF TAKOFF 445
ELSE TAKOFF 446

TERMFLG = .TRUE. TAKOFF 447
WRITE(LUOUT,1013) ROCFPM,VCLMOUT,THTMAX TAKOFF 448

ENDIF TAKOFF 449
ELSEIF(HAGLGE.HCLMOUT) THEN TAKOFF 450

C"CONSTANT THETA TO WKEND OR HMAX AT THTFLY PITCH ATTITUDE TAKOFF 451
C*"HCUMB AND HCLMOUT. TAKOFF 452V

IF(.NOT.INISEG2) THEN TAKOFF 453
C*"INMATE CONSTANT PITCH ANGLE CULMB AT SEGMENT TWO CUIMB TAKOFF 454
C*"GRADIENT. TAKOFF 455

INISEG2 = .TRUE. TAKOFF 456
TIITMAX = THTFLY TAKOFF 457
UNENUM = UINENUM + 1 TAKOFF 458
WRITE(LUOUT,1012) HCLMOUT,11MEGDIST,VKCAS WKAS TAKOFF 459

ENDIF TAKOFF 4600
IF(ROCFPM.GEZERO) THEN TAKOFF 401

IF ((THETAF - THTFLY).GE. THTTOL) THEN TAKOFF 402
C**REDUCE ALPHA TAKOFF 403

CALL PITCH(CUIMB ',ALPHA,-DADTCMD,DT1ME,DTDTGEX, TAKOFF 464
& LUOUT) TAKOFF 405

ELSEIF ((THETAF - THTFLY) .LT. -THTTOL) THEN TAKOFF 4066
C"INCREASE ALPHA TAKOFF 407

CALL PITCH(`CLIMB 'ALPHA, DADTCMD,D11ME,DTDTGEX, TAKOFF 468
& LUOUT) TAKOFF 469

ELSE TAKOFF 470
ThETAF = THTFLY TAKOFF 471

ENDIF TAKOFF 472
ELSE TAKOFF 473

TERMFLG = .TRUE. TAKOFF 474
WRITE(LUOUT,1013) ROCFP#J,VCLMOUT,THTMAX TAKOFF 475

ENDIF TAKOFF 476
ENDIF TAKOFF 4771
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1013 FORMAT(' SUBROUTINE TAKOFF IS UNABLE TO SIMULATE A CUMB', TAKOFF 478
& 'USING THE INPUTS OF CLIMB OUT SPEED OR PITCH',I, TAKOFF 479
& 'ATTITUDE BECAUSE THE RATE OF CUMB IS LESS THAN', TAKOFF 480
& 'ZERO.',/,' RATE OF CUMB, CUMB OUT SPEED, AND', TAKOFF 481
& 'MAXIMUM PITCH ATTITUDE =', TAKOFF 482
& F1O.O,' FEETr/MINUTE,F10.0,' KNOTS',F1O.0,' DEGREES.') TAKOFF 483

C"" TAKOFF 484
C"" CHECK FOR TERMINATION CRITERIA. TAKOFF 485

IF(GDIST .GT.DISTMAX OR. HAGL .GE.HMAX .OR. TAKOFF 486
& TIME .GT.TIMEMAX .OR. VKCAS.GE.VKEND) TERMFLG = .TRUE. TAKOFF 487

IF(NCOUNT.EQ.10 .OR. TERMFLG) THEN TAKOFF 488
C**** CALCULATE ADDITIONAL OUTPUT PARAMETERS, WRITE OUTPUT AND TAKOFF 489
C"" INCREMENT UNE NUMBER COUNTER UNENUM. TAKOFF 490

IF(.NOT.TERMFLG) THEN TAKOFF 491
DADT = (ALPHA - ALPHAJ)/FLOAT(DTIME) TAKOFF 492
DTHTDT = (THETAF - THETAJ)/RLOAT(DTIME) TAKOFF 493

ENDIF TAKOFF 494
CALL FORCEX(ALPHACD,CL) TAKOFF 495
GAMMA = ATAN(ROCNTGSI*RX TAKOFF 496
ROCFPM = ROC*60.0 TAKOFF 497

C"O TAKOFF 498
C*"* RECALCULATE FUGHTPATH ACCELERATION FOR OUTPUT. TAKOFF 499

FPA = FPACCEL + G*SIN(GAMMAR) TAKOFF 500
IF(DTIME.GE.0.10D0) THEN TAKOFF 501

WRITE(LUOUT,1005) TIME,GDIST,GWT,HAGLVKCAS,VKTAS,VKTGS, TAKOFF 502
& FPACLCD,THETAF,ALPHAGAMMADTHTDT, TAKOFF 503
& ROCFPM,XLF,THRUST,XENG TAKOFF 504

ELSE TAKOFF 505
WRITE(LUOUT,1006) TIME,GDIST,GWT,HAGLVKCAS,VKTAS,VKTGS, TAKOFF 506

& FPACLCDTHETAF,ALPHAGAMMADTHTDT, TAKOFF 507
& ROCFPM,XLFTHRUSTXENG TAKOFF 508

ENDIF TAKOFF 509
IF(TERMFLG) THEN TAKOFF 510

WRITE( LUOUT,1014) TAKOFF 511
1014 FORMAT(/,' END OF TAKEOFP) TAKOFF 512

RETURN TAKOFF 513
ENDIF TAKOFF 514
UNENUM = UNENUM + 1 TAKOFF 515
IF(UNENUM.GE.NPAGE) THEN TAKOFF 516

C"* RESET UNE NUMBER COUNTER LINENUM AND WRITE HEADER FOR TAKOFF 517
C*"* NEW PAGE. TAKOFF 518

UNENUM = 5 TAKOFF 519
WRITE(LUOUT,1010) TAKOFF 520
WRITE(LUOUT,1004) TAKOFF 521

ENDIF TAKOFF 522
C*"" RESET INTEGRATION LOOP COUNTER ICOUNT TO 1 AND RESTART TAKOFF 523
C"" THE AIRBORNE INTEGRATION LOOP. TAKOFF 524

ICOUNT = 1 TAKOFF 525
GO TO 29 TAKOFF 526

ENDIF TAKOFF 527
30 CONTINUE TAKOFF 528

END TAKOFF 529
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Subroutine LANDNG

SUBROUTINE LANDNG(AOA) LANDNG 1
Ctm ' THIS SUBROUTINE CONTROLS THE EXECUTION OF THE LANDING MANEUVER. LANONG 2
C-"' LANDNG CALLS STEDYST TO OBTAIN THE REQUIRED VALUES OF THRUST LANDNG 3
C**** THRUST AND ANGLE OF ATTACK FOR STEADY STATE APPROACH. LANDNG LANDNG 4
C**" CALLS FLARE TO EXECUTE THE FLARE AND CALLS ROLLS FOR THE GROUND LANDNG 5
C'tm PORTION OF THE LANDING. LANDNG 6
Ctm' LANDNG 7

DOUBLEPRECISION DTlMElDTIMEJTIME CTRL 1
PARAMETER (LUFIz3,LUOlUT=4) CTRL 2
COMMONICTRI DT1MEDTIMEJJGOUNTJDEBUG,KENG,UNENUM,WMSG,NCOUNT, CTRL 3

& NEQNPAGE,11METIMEROL CTRL 4
COMMONlINRCRFT/ AOATRB, GPCTCLALPH,CONF1GDMTDT MX,FLT,GWT,HZ, AJRCRFT 1

& LOADING,SWINGTHTMAX,WNGLODXLFMAX AiRCRFT 2
COMMONIAEROI CXCYDADTCMD,DCDXDCLX,DTDTGEX,FLAPFLPPCT,OS, AERO, 1

& SPDBRK~SPOILERVKCASVKTAS AERO 2
COMMON/ENGINEI AITAMACH,DTFAILEPRFE,FG,FGPCT,NENG,PWRCOOE, ENGINE 1

& REVNDX,RC,THRUST,VTANGLEWFUELXEN,XENGFLD, ENGINE 2
& XENGOUT,XIDLE~XMILZF ENGINE 3

COMMONIAIRBORNt ALPHAJ,ALPHMX,DTDTGAMMAPP,ROCFPM,THETAFXFXLFJ AIRBORN 1
COMMONIANRSPED/ VKABRI(VKAPP,VKBRAKE,VKENrD,VKFAILVKFLAP,VKFLPMX, AIRSPED 1

& VKMCG,VKROTATVKSTARTVKWIND,VVWND AiRSPED 2
COMMONIRUNWAY/ ABARGAOAABRKBRAKMU,BRKFCTR,GAMMARWV,GRWVHAGL, RUNWAY 1

& HCLEAR,HFLARE,HGEAR,HRUNWVAY,IMU,RCR,ROLLMUT1MEFLD, RUNWAY 2
& TIMEBRK(,11MEFLPTIMESBKTIMESPLXMU RUNWAY 3

DOU8LEPRECISION VTAS,DIST~ACCELVTASJ,RKGRND INTEG I
COMMON/INTEGI VTAS,DISTACCELVTASJ,RKGRND(20) INTEG 2
DOUBLEPRECISION FPVTAS,GAMMAR,FPDISTPRESALT,FPACCELDGDTRVHAS, FPINTEG 1

& ROCRKAIR FPINTEG 2
COMMONIFPINTEG/ FPVTAS,GAMMAR,FPDISTPRESALT,FPAGCELDGDTR,VHAS, FPINTEG 3

& ROC,RKAIR(40) FPINTEG 4
COMMONIATMOSI rEMPR,PRESS,RHO,AFPSVISCOSKDELTA,SIGMAJHErA,DTEMPF ATMOS 1
PARAMETER (ASL661 .48,FPSKT`S=1.68706G= 32.174, CONST 1

& RX=57.2W5795306,TSLF=5.O,ZERO=O.O) CONST 2
COMMONICONST/ ASLSQR5,T WOO VR7 CONST 3
LOGICAL AOAOFLGBRKFLAGCLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& FRTOFLAG,SSKLAGSPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRrrTR FLAGS 4

COMMON'FLAGS/ AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRMTR FLAGS 8

LOGICAL FINDV LANDNG 21
REAL ATMARY(S),S(48) LANDNG 22
EOUWVALENE (TMPATMARY(1)),(FPVTAS.S(1)) LANDNG 23
DATA S9N4i LANDNG 24

& I10.0/ LANDNG 25
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NAUEUISTAALPHAGAMMAPP,HFLARE,SINKrDVKAPP LANIDNG 26
NAMEUISTILND2/ DTDTMXSPLFLAG,WRMTR LANDNG 26
ALPHA = AOA LAIDNG 28

C"LAflDNG 29
C** INPUT DATA LOADED INTO LANONG ThRU NAMEUIST ALNDI. LANDNG 30

READ(LUIN,LND) LANDNG 31
REA0(WIN,LND2) LANDNG 32

C"LANDNG 33
C"" TERMINATE PROGRAM IF APPROACH FLIGHT PATH ANGLE, FLARE HEIGHT OR LANDNG 34
C"" APPROACH SPEED NOT INmTAIJZED. LANDNG 35

IF (GAMMAPP.EQ. 1.0) THEN LANDNG 36
CALL HALT(LUIN,LUMSG,LUOUT,' GAMMAPP NOT INPUT BY USER.') LANDNG 37

ELSEIF (GAMMAPP.GE.ZERO) THEN LANDNG 38
CALL HALT(LUIN,LUMSG,LUOIJT,' GAMMAPP MUST BE LESS THAN ZERO.') LANDNG 39

ENDIF LANDNG 40
IF(HFLARE.EQ.-l.0) THEN LANDNG 41

CALL HALt(LUIN,LUMSG,LUOUT,' HFLARE NOT INPUT BY USER.') LANDNG 42
ELSEIF(VKAPP .EQ. 1.0 AND. ALPHA.EQ. 99.0) THEN LANDNG 43

& CALL HALT(LUIN,LUMSG,LUOUT, LANDNG 44
& VKAPP OR ALPHA NOT INPUT BY USER.') LANDNG 45

ENDIF LANDNG 46
IF(ALPHA.EQ.99.0) THEN LANDNG 47

C** FIND ANGLE OF ATTACK FOR STEADY STATE APPROACH. LANDNG 48
FINDV =.FALSE. LANDNG 49

ELSE LANDNG 50
NO FIND AIRSPEED FOR STEADY STATE APPROACH; INITALIZE CALIBRATED LANDNG 51

C" NIRSPEED AT 100 KNOTS. LANDNG 52
VKAPP = 100.0 LANDNG 53
FINDV = .TRUE. I.ANDNG 54

ENDIF LANDNG 55
C"LANDNG 56

C*"' INITIALIZE CURVE FILES. LANDNG 57
CALL INICURV LANDNG 58

C"LANDNG 59
C"" OBTAIN ATMOSPHERIC VARIABLES. LANDNG 60

IF~tiCLEAR.GT.HFLARE) THEN LANDNG 61
HAGL = HCLEAR LANDNG 62

ELSE LANDNG 63
HAGL = HFLARE LANDNG 64

ENDIF LANDNG 65
PRESALT = HRUN WAY + HAGL LANDNG 66
CALL ATMOSPH(PRESALTATMARY) LANDNG 67

C"LANDNG 68
C- INITALIZE FLIGHT PATH ANGLE, TRUE AIRSPEED, MACH NUMBER AND OS. LANDNG 69

VAPP = VKAPP*FPSKTS LANDNG 70
FPVTAS = VAPPISQRT(SIGMA) LANDNG 71
GAMAPPR= GAMMAPP/RX LANDNG 72
GAMMAR = GAMAPPR - ASIN((VW1NDfFPVTAS)-SIN(GAMAPPR)) LANDNG 73
CALL SPEED( GAMMAR,FPVTAS,VWINDAMACH,OS,VKCAS,VKEAS,VKTAS, VKTGS, LANDNG 74

VTGS) LANDNG 75
VKCAS =VKAPP LANDNG 76

C"LANDNG 77
C" OBTAIN THRUST AND ANGLE OF ATTACK FOR STEADY STATE APPROACH. LANDNG 78

CALL STEDYST(ALPHAFPVTAS,GAMMAR,FINDV) LANDNG 79
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C"LANDNG 80
C~m RECALCULATE VPPROACH SPEED IF ANGLE OF ATTACK IS AN INPUT. LANDNG 81

IF(FINDr.EN LANDNG 82W
VAPP = FPVTAS*S0RT(SIGMA) LANONG 83
VKAPP = VAPP/FPSKTS LANDNG 84

ENDIF LANDNG 85
C"LANDNG 86

C** CALCULATE SINK RATE AT APPROACHl IN FEETIMINUTE. LANDNG 87
ROC = FPVTAS*SIN(GAMMAR) LANDNG 88
SINKRT = -ROC*'60.0 LANDNG 89
IF(ERRFLAG) THEN LANDNG 90

TERMFLG = .TRUE. LANDNG 91
AOA = ALPHA LANDNG 92
WRITE(LUOUT,1001) VKAPP, AMMAPP,PRESALTALPHAALPHMXXENG,GWT LANDNG 93

1001 FORMATC "FAILED IN THRUST AND ANGLE OF ATTACK ON APPROACHr, LANDNG 94
& I'VKAPP,GAMMAPP,PRESALT ='01 0.2, LANDNG 95
& IALPHAALPHMXXENG,GWT =',3F10.2,FIO.0) LANDNG 96

RETURN LANDNG 97
ENDIF LANDNG 98

C"" LANDNG 99
C** DETERMINE LOAD FACTOR FOR FLARE. LANONG 100

IF(HFLARE.GTZERO) CALL FLARENZ( ALPHAGAMdMAPP,GAMMATD, LANONG 101
& HAGLHCLEAR,HFLARE,HRUNWAY,SINKTD, LANDNG 102
& THRUST,VKAPPAXFLAREXLFMAX) LANDNG 103

WRITTR = .TRUE. LANDNG 104
C" LANDNG 105
C"" WRITE HEADER INFORMATION FOR OUTPUT. LANDNG 1JC

UNENUM = 7 LANDNG 1070
WRITE(LUOUT,1002)VKAPF ,GAMMAPP ,SINKRT ,ALPHA FLAP, LANDNG 108

& HRUfJWAYXLFMA)X, LANDNG 109
& GAMMAT) ,SINKTD*60.0 ,THRUST ,SPOILER, LANDNG 1 10
& DTEMPF ,ALPHMX, LANDNG ill
& VWN'OD ,GAMMARW ,DADTCMD ,SPLFLAG, L ANDNG 1Wi
& VKWIND ,DTDTMX tANDNG 113

1002 FORMAT('11 VKAPP =TF7.1, GAMMAPP =,FO.1,' SINKRT =,F6.l, LANDNG 114
& ALPHA =',F7.2, FLAP =7F6.1,' HRUNWAY =',F7.0, LANDNIG 115
& XLFMAX =',F6.2, I.LANDNG 116
& S I IGAMMATD =',F6.1,1 SINKTD --,F6.1, LANDNC 117
& THRUST =,FRA0 SPOILER =',F6.1, ' DTEMPF =TF7.1, LANDNG 118
& IALPHMX =7,6.2, /I LANDNG 119
& WVNGLOD =',F7.1,' GAMMARW --,F6.1,' LANDNG 120
& `DADTCMD =,F7.2' SPLFLAG =',L6, 'VKWIND ='F7. 1, LANDNG 121
& `DTDTMX =7F6.2, LANDNG 122

B-34 Source Code Listing Appendix B



IF(TERMFLG) THEN LANONG 123
C" TEMINATE LADING EXECUTION. LANDNG 124

AOA = ALPHA LANDNG 126
WRrrE(LUOUT,1003) LANDNG 125

1003 FORMAT(/,' END OF LANLNNG') LANDNG 126
RETURN LANONG 127

ELSEIF(HLAE.GE.HCLEAR) THEN LANDNG 128
C"" CALCULATE VARIABLES FOR OUTPUT. LANDNG 129

OVERPLG = .TRUE. LANDNG 130
T1MF =DBLE(ZERO) LANDNG 131

C"LANDNG 132
C"" WRITE HEADER RECORD FOR OUTPUT. LANDNG 133

WRflE(LUOUT,1004) LANONG 134
1004 FORMATC TIME DIST. WEIGHT ALT. VCAS VTAS VTGS,- LANDNG 135

& ACCEL CL CD THETA ALPHA GAMMA DTHET', LANDNG 136
& 'RIC LOAD THRUST XENGV,, LANDNG 137
& '(SEC) (FEET) (LBS) (FEET) (KTS) (KTS) (KTS)', LANDNG 138
& '(FPS2) (DEG) (DEG) (DEG) /DT, LANDNC- 139 -

& '(FPM) FACT (LBS) OR MLFJ) LANDNG 140
ELSE LANDNG 141

STEADY =.TRUE. LANDNG 142
CALL APPROCH(ALPHAGAMMAPP,GDISTPI4AGLHCLEARHFI.ARE,HRUN WAY) LANDNG 143

ENDIF LANDNG 144
C*"LANDNG 145

C- INMALIZE APPROACH DISTANCE, APPDIST. LMNDNG 146
APPDIST = GDIST LANDNG 147

C*"LANDNG 148
C- INITIALIZE LOAD FACTOR FOR RARE. LANDNG 149

XLF -=XLLARE LANDNG 150
XLFMAXJ = XLFMkX LANDNG 151
XLFMAX = XLR.ARE LANDNG 152

C*"LANDNG 153
C-~ CALL SUBROUTINE FLARE WITH FINAL LOAD FACTOR VALUE. LANDNG 154

IF(HFLARE-GT.ZERO) THEN LANDNG 155
STEADY = .FALSE. LANDNG 156
UNENUM z UINENUM +1 LANDNG 157
WRrTE(LUOUT,1I0W6) HFLAREL LANDNG 158

1006 FORMAT('** BEGIN FLARE AT ',F4.1,' FEET.', LANDNG 159
& ILOAD FACTOR =-,F8.4,' G"S "n LANDNG 160

CALL RLARE(ALP GiAST,ODIST,ROCTD,V'-. GS) LANDNG 161
ENDIF LANDNG 162
XLFMAX -XLFMAXJ LANDNG 163
IF(TERMFLG) THEN LANDNG 164

AOA = ALPHA LANDNG 165
WRITE(LUOUT, 1003) LANDNG 166
RETURN LANONG 167

ENDIF LANDNG 168
CALL FORCEX(ALPHACD,CL) LANDNG 169
UNENUM m UINENUM + 2 LANDNG 17U
WRITE(LUOUT,1006) LANDNG 171

1006e FORMATC *"*-~TOUCHDOWN '~LANDNG 172
GALL SPEED, GAMMAR,FPVTAS,VWINDAMACH,QS,VKCAS,VKEAS,VKTAS, LANDNG 173

VKTGS,VTGS) LANDNG 174
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AIRDIST = GDIST LANDNG 175
FLRDIST = AIRDIST - APPDIST LAMMN 176
GAMMA = ATAN(RocNvTGs)Rx LANDNG 177W
SINKRT = SINKrD*60.0 LANONG 178
THETAF = ALPHA LANDNG 179
IF(D11ME.GE.0.1I ODO) THEN LANDNG 180

WRITE(LUOUT,1007) TIME,GDIST,GWr,ZEROVKCAS,VKTAS,VKTGS, LANDNG 181
& FPACCELCLCD,THErAFALPHA,GAMMA.DTT,-SINKRT, LANDNG 182
& XLFTHRUST,XMU LANDNG 183

1007 FORMAT(F6.1 ,F8.0,F9.0,F8.1 ,3F7.1 ,F7.2,F8.4,F7.4,4F7.2,F8.1, LANONG 184
& F6.2,F9.0,F7.3) LANDNG 185

ELSE LANDNG 186
WRITE(LUOUT,1008) T1ME,GDIST,GWTZERO,VKCAS,VKTAS,VKrGS,FPACCELCL, LANDNG 187

& FPACCELCLCD,THETAF,ALPHA,GAMMA,DTDT,-SINKRT, LANDNG 188
& XLFTHRUSTXMU LANONG 189

1008 FORMAT(F6.2,F8.0,F9.O,F8.1 ,3F7.1 ,F7.2,F8.4,F7.4A4F7.2,F8.1, LANDNG 190
& F6.2,F79.0F7.3) LANDNG 191

ENDIF LANDNG 192
C**LANDNG 193

C**' INITAIJZE GROUND ROLL INTEGRATION VARIABLES WITH PREVIOUS LANDNG 194
C*** AIRBORNE INTEGRATION VARIABLES FOR SUBROUTINE ROLL. LANDNG 195

11MEFLD = FLOAT(TIME) LANDNG 196
VTAS = FPVTAS LANDNG 197
CALL ROLL(ALPHA~GDIST) LANDNG 198
AOA = ALPHA LANDNG 199
WRITE(LUOUT,1009) INT(HCLEAR),GDIST-ODIST,AIRDIST,GDIST-AIRDIST, LANDNG 200

& APPDISTFLRDIST,ABARG LANDNG 201
1009 FORMATQ' DISTANCE OVER AN,14,' FOOT OBSTACLE =',F7.1, FEET;', LANDNG 202W

& 'AIR DISTANCE =',F7.1,' FEET; GROUND ROLL DISTANCE ',LANDNG 203
& F7.1,' FEET;VJ, LANDNG 204
& PRE-FLARE DISTANCE =',F7.1,' FEET;', LANDNG 205
& 'RLARE DISTANCE =',F7.1, FEET; AVERAGE DECELERATION =,LANDNG 206
& F6.3,' G'J,) LANDNG 207

RETURN LANDNG 208
END LANDNG 209
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Subroutine STEDYST

SUBROUTINE STEDYST(ALPHAFPVTAS,GAMMAR,FINDV) STEDYST 1
C"" THIS SUBROUTINE CALCULATES THE REQUIRED VALUES OF THRUST AND STEDYST 2
C""* ANGLE OF ATTACK OR THRUST AND AIRSPEED FOR ZERO ACCELERATION ALONG STEDYST 3
C"" AND NORMAL TO THE FLIGHT PATH, DVIDT AND DG/DT, RESPECTNIsaY. THE STEDYST 4
C-" OUTER LOOP VARIES THRUST, WHILE THE TWO INNER LOOPS VARY STEDYST 5
C**" ALPHA FROM ALPHM" TO ALPHMX OR FPVTAS FROM1 VTASMN TO VTASMX. FOR STEDYST 6
C-" A FIXED VALUE OF THRUST (OUTER LOOP), FUNCTIONS DVDT (ACCELERATION STEDYST 7
C-" ALONG FLIGHT PATH), AND DGDT (ACCELERATION NORMAL TO FLIGHT PATH), STEDYST 8
C*"" ARE CALLED WITH THE VALUES OF ALPHA (INNER LOOP). THESE TWO STEDYST 9
C**" FUNCTION SUBROUTINES CALL FORCEX. SUBROUTINES ITRLND AND ZEROX STEDYST 10
C*"' ARE BOTH ZERO FINDERS. STEDYST 11
C*"" STEDYST 12

DOUBLEPRECISION DTIME,DTIMEJ,TIME CTRL 1
PARAMETER (LUIN=-3,LUOUT=4) CTRL 2
COMMON/CTRL/ DTIME,DTIME.J,ICOUNTJDEBUG,KENG,UNENUM,LUMSG,NCOUNT., CTRL 3

& NEQ,NPAGE,TIME,TIMEROL CTRL 4
COMMONIAIRCRFT/ AOA3PTAR,B,CGPCT,CLALPH,CONFIG,DTDTMX.FLT,GWT,HZ, AIRCRFT 1

& LOADING,SW1NGTHTMAX,WNGLOD,XLFMAX AIRCRFT 2
COMMONIAERO/ CX,CY,DADTCMD,DCDXDCLX,DTDTGEX,FLAP,FLPPCT,QS, AERO 1

& SPDBRISPOILER,VKCASVKTAS AERO 2
COMMON/ENGINEI AIr,AMACH,DTFAILEPR,FE,FG,FGPCT,NENG,PWRCODE, ENGINE 1

& REVNDX,RC.THRUST,VTANGLE,WFUELXENG,XENGFWD, ENGINE 2
& XENGOUT,XUDLE,XMIL,ZFN ENGINE 3

COMMON/ATMOSI TEMPR,PRESS,RHOAFS,VISCOSI(DELTA,SIGMATHETADTEMPF ATMOS 1
PARAMETER (ASL=661 .48,FPSKTS=1 .687806.G= 32.174, CONST 1

& RX=57.29577951308,TSLF=59.0,ZERO=0O.0) CONST 2
COMMONJCONST/ ASLSQR5,T WOO VR7 CONST 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSEROTATE, FLAGS 2
L RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY,TERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITITR FLAGS 4

COMMON/FLAG&t AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLG,GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATEFRTOFLAG,SBKFLAG,SPLR.AG,SPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRrTITR FLAGS 8

LOGICAL FINDV STEDYST 20
REAL INTERP STEDYST 21
EXTERNAL DGDT,DVDT STEDYST 22
DATA ALPHA0,ALPHA4, DALPHADVTAS, EPS, FACTOR, FNSTEP,MAXITER STEDYST 23

& I0.0, 4.0, 1.0, 1.0, 0.0001, 0.95, 1.05, 31/ STEDYST 24
ERAFLAG = .FALSE. STEDYST 25

C""* STEDYST 26
C"" INITiL4JJZE NET THRUST TOLERANCE TO THE GREATER OF 0. 1% OF GROSS STEDYST 27
C*"' WEIGHT OR 5 POUNDS. STEDYST 28

IF(GWT.GT.5000.) THEN STEDYST 29
TOLRNCE = 0..Z31'G~r STEDYST 30

ELSE ST:DYST 31
TOLRNCE = 5.0 STEDYST 32

ENDIF STEDYST 33

Appendix B Source Code Listing B-37



C*"" STEDYST 34
C""* INITALIZE UPPER AND LOWER SEARCH BOUNDARIES FOR THRUST TO STEDYST 35 0C*"' THE QUOTIENT OF GROSS WEIGHT OVER THE ENGINE MULTIPLICATIVE FACTOR STEDYST 36
C""* AND I% OF THE GROSS WEIGHT, RESPECTIVELY. STEDYST 37

BOUNDU = GWT/XENG STEDYST 38
BOUNDL = GWT/1 00.0 STEDYST 39

C"*" STEDYST 40
C""* MAKE FIRST GUESS AT ALPHA OR VKAPP. STEDYST 41

IF(.NOT.FINDV) THEN STEDYST 42
C""* FIND ANGLE OF ATTACK( STEDYST 43

CALL FORCEX(ALPHA4,CD4,CL4) STEDYST 44
CALL FORCEX(ALPKAD CDOOCLO) STEDYST 45
ALPHA = INTERP(ALPHAi1,ALPHAO,CL4,CLO,GWT/QS) STEDYST 46
CALL FORCEX(ALPHA ,CD ,CL) STEDYST 47
ALPHMX = ALPHA + 2.5 STEDYST 48
ALPHMN = -ALPHMX STEDYST 49

ELSE STEDYST 50
C**" FIND AIRSPEED. STEDYST 51
C""* STEDYST 52
C"'' FIND APPROXIMATE CL AND CD FOR MACH NUMBER AT 100 KNOTS STEDYST 53
C""* AIRSPEED. STEDYST 54

CALL FORCEX(ALPHA CD AC) STEDYST 55
C**" STEDYST 56
C"" CALCULATE FUIGHT PATH TRUE AIRSPEED BASED ON THE APPROXIMATED STEDYST 57
C"'* GL AND ASSUMPTION OF LIFT EQUAL TO WEIGHT AND ALPHA EQUAL TO STEDYST 58
C""* ZERO. STEDYST 59

FPVTAS = SQRT(2.O'G WTCOS(GAMMAR)/(CL'RHO'S WiNG)) STEDYST 60
CALL SPEED( GAMMAR,FPVTASO.OAMACH,QSYKCAS,VKEASVKTAS, STEDYST 61

VKTGS,VTGS) STEDYST 62
CALL FORCEX(ALPHA ,CD ,CL) STEDYST 63
VTASMX = FPVTAS +10.0 STEDYST 64
VTASMN = FPVTAS -10.0 STEDYST 65

ENDIF STEDYST 66
C""* STEDYST 67
C"" MAKE FIRST GUESS AT THRUST. STEDYST 68

TFIRST = 1.06*(CD*QS + GWP*SIN(GAMMAR)) STEDYST 69
IF(JDEBUG.EQ.6666 .OR. JDEBUG.EQ.9999) STEDYST 70

& WRITE(LUOUT,9001) TFIRST,ALHAVKCAS,CD,CL,QS STEDYST 7

9001 FORMAT(-' INITAL CONDITONS -"'., STEDYST 72
& -'THRUST, ALPHA, VKAPP, CD, CL, OS 'j STEDYST 73
& F7.0, F7.2, F9.1, 2F8.4, Fl 0.1 .1 STEDYST 74

19 LABINO = 19 STEDYST 75
ERROR = 99. STEDYST 76
JFLAG = 0 STEDYST 77
THRUST = TF1RST STEDYST 78
IF(FINDV) THEN STEDYST 79

FG = THRUSTICOWDALPHA+AIT STEDYST 80
IF(JDEBUG.EQ.6666 .OR. JDEBUG.EO.9999) STEDYST 81

& WRrrE(LUOUT,900)ICOUNT,LABLNOTHRUST,FPVTAS,DVDTHI, STEDYST 82
& JFLAG,ERROR,ERRORJ STEDYST 83
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DO 10 ICONT=1,MAxrTER STEDYST 84
IF(JFLAG.LE.1) ERRORJ z ERROR STEDYST 85

C"" STEDYST 86
C*"" FIND VALUE OF THRUST SUCH THAT DV/DT IS NEGATIVE AT FPVTAS8 STEDYST 87
C*"" EQUAL TO VTASMX, WITH A REDUCTION IN FPVTAS RESULTING IN STEDYST 88
C"" LESS DRAG DVIDT WILL CHANGE SIGN(I.E. A BOUNDED INTERVAL IN STEDYST 89
C*"" WHICH DVIDT EQUAL TO ZERO WILL BE FOUND). STEDYST 90

VTASHI = VTASMX STEDYST 91
CALL SPEED( GAMM~AR,VTASHI,O.OAMACHQS,VKCAS,VKEAS,VKTAS, STEDYST 92

VKTGS,VTGS) STEDYST 93
DVDTHI = DVDT(ALPHAVTASHI,GAMMARG Wr) STEDYST 94
IF (DVDTHI.GE.O.0) THEN STEDYST 95

TFIRST z TFIRST/FNSTEP STEDYST 96
IF(TFIRST.GE.BOUNDL) GO TO 19 STEDYST 97
GO TO 199 STEDYST 98

ENDIF STEDYST 99
C"" STEDYST 100
C"*" SEARCH FOR DV/DT EQUAL TO ZERO FROM VTASMX TO VTASMN. STEDYST 101

29 LABLIO = 29 STEDYST 102
VTASLO = VTASHI - DYTAS STEDYST 103
FG = THRUST/COSD(ALPHA+Aff) STEDYST 104
IF(JDEBUG.EQ.6666 .OR. JDEBUG.EQ.9999) STEDYST 105

& WRITE(LUOUT,9002) ICOUNT,LABLNO,THRUJST,VTASLO,DVDTHI, STEDYST 106
& JFLAG,ERROR,ERRORJ STEDYST 107

IF(VTASLO.LT.VTASMN) THEN STEDYST 108
ERRFLAG = .TRUE. STEDYST 109
WRITE(LUOUT,1001)THRUST,VTASLO,ERROR,ERROFRJ,ICOUNT STEDYST 110

1001 FORMATC -' FAILED IN STEDYST. NO SOLUTION FOR DVDT.', STEDYST Ill
& I,' THRUSTFPVTAS,ERROR,ERRORJJICONT =1STEDYST 112
& MF.20210.4,13) STEDYST 113

RETUJRN STEDYST 114
ENDIF STEDYST 115
CALL SPEED( GAMMAR,VTASLO,0.,AMACH,QS,VKCAS,VKEAS,VKTAS, STEDYST 116

VKTGS,VTGS) STEDYST 117
DVDTLO= DVDT(ALPHAVTASLO,GAMMAR,GWT) STEDYST 118

C""STEDYST 119
C.'CHECK TO SEE IF DV/DT EQUAL TO ZERO IS BOUNDED. STEDYST 120

IF (DVDTLO'DVDTHI.GT.0.0) THEN STEDYST 121
VTASHI = VTASLO STEDYST 122
DVDTHI = DVDTLO STEDYST 123
GO TO 29 STEDYST 124

ENDIF STEDYST 125
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C"" STEDYST 126
C""* ONCE FPVTAS INTERVAL FOR DVIDT EQUAL TO ZERO IS BOUNDED, STEDYST 1271C*"" CALL FUNCTION ZEROX TO FIND FP VTAS1, THE VALUE OF FP VTAS FOR STEDYST 126W
C"" DVJDT EQUALS ZERO. STEDYST 129

FPVTASI = ZEROX(VTASLO,VTASHI,DVDTALPHAGAMMAR,GWT,EPS, STEDYST 130
& FINDY) STEDYST 131

C""* STEDYST 132
C"" SEARCH FOR DGIDT SAME AS ABOVE SEARCH FOR DVIDT EQUALS ZERO. STEDYST 133
C""* IF DGIDT EQUALS ZERO AT FPVTAS = VTASMX, PROGRAM FAILS. STEDYST 134
C"" FPVTAS2 IS REQUIRED VALUE OF FPVTAS FOR DG/DT EQUAL TO ZERO. STEDYST 135

VTASHI = VTASMX STEDYST 136
CALL SPEED( GAMMAR,VTASHI,O.0,AMACH,QS,VKCAS,VKEAS,VKTAS, STEDYST 137

VKrGS,VTGS) STEDYST 138
DGDTHI = DGDT(ALPHASTASHI,GAMMAR,GWT) STEDYST 139
IF(DGDTHI.LT.O.0) GO TO 199 STEDYST 140

39 LABLNO =39 STEYS 141
VTASLO = VTASHI -DVTAS STEDYST 142
FG = THRUST/COSD(ALPHA+AIT) STEYS 143
IF(JDEBUJG.EQ.6666 .OR. JDEBUG.EQ.999) STEDYST 144

& WRITE(LUOUT,9003) ICOUNT,LABLNO,THRUSI,VTASLO,DGDTHI, STEDYST 145
& JFLAG,ERROR,ERRORJ STEDYST 148

IF(VTASLO.LT.VTASMN) THEN STEDYST 147
TFIRST = TFIRST/FNSTEP STEDYST 148
IF(TF1RST.GE.BOUNDL) GO TO 19 STEDYST 149
GO TO199 STEDYST 150

ENDIF STEDYST 151
CALL SPEED( GAMMAR,VTASLO,0.0AMACH,QS,VKCAS,VKEAS,VKTAS, STEDYST 152 *VKrGSJVTGS) STEDYST 153V
DGDTLO = DGDT(ALHAVTASLO,GAMMAR,GWT) STEDYST 154
IF(DGDTLO'DGDTHI.GT..0.) THEN STEDYST 155

VTASHI = VTASLO STEDYST 156
DGDTHI = DGDTLO STEDYST 157
GO TO 309 STEDYST 158

ENDIF STEDYST 159
FPVTAS2 = ZEROX(VTASLO,VTASHI,DGDTALPHAIGAMMAR,GWT,EPS, STEDYST 160

& AINDY) STEDYST 161
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C**"STEDYST 162
C8"FIND ERROR BETWEEN FPVTAS1 AND FPVTAS2. STEDYST 163

ERROR = (FPVTAS1 - FPVTAS2)NTASMX STEDYST 164
IF ((ABS(ERROR).LT.O.001 ).OR. STEDYST 165

& (ABS(ERROR).LT.0.005.AND. ICOIJNT.GT.25).OR. STEDYST 166
& (JFLAG.EO.3 )) THEN STEDYST 167

FPVTAS = FPVTAS1 STEDYST 168
CALL SPEED(GAMMAR,FPVTAS,0.0,AMACHQS,VKCAS,VKEAS,VKTAS, STEDYST 169

VKTGS,VTGS) STEDYST 173
RETURN STEDYST 171

ELSE STEDYST 172
C"MAKE NEW GUESS AT THRUST AND REPEAT DV/DT AND DG/DT LOOPS STEDYST 173
C*"UNTIL FPVTAS1 EQUALS FPVrAS2 (WITHIN TOLERANCES). STED'.ST 174

CALL rTRLD(ERROR,ERRORJTHRUST,FACTORTOLRNCEJFLAG) STEDYST 175
ENDIF STEDYST 176

13~ CONTINUM STEDYST 1T77
199 WRITE(LUOUT,1 003) TFIRST,DGDTHI,ERROR,ERRORJ,FPVTAS1 ,FPVTAS2, STEDYST 178

& ICOUNT STEDYST 179
1003 FORMATC -FAILED IN SUBROUTINE STEDYST.V,, STEDYST 180

& 'TFIRST, DGDTHI, ERROR, ERRORJ, FPVTAS1,', STEDYST 181
& 'FPVTAS2,ICOUNT = ',F8.0,5F10.4,17) STEDYST 182
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ELSE STEDYST 183
FG = THRUST/COMDALPHHIAJ1 STEDYST 184
IF(JDEBUG.EO.66066OR. JDEBUG.EQ.999) STEDYST 185W

& WRITE(LUOUT,9004) ICOUNT,LABLNO,THRUST,ALPHADVDTHI, STEDYST 186
& JFLAG,ERROR,ERRORJ STEDYST 187

DO 20 IOOUNT=1 ,MAXITE STEDYST 188
IF(JFLAG.LE.1) ERROR) = ERROR STEDYST 189

C*"* STEDYST 190
C"*" FIND VALUE OF THRUST SUCH THAT DV/DT IS NEGATIVE AT ALPHA STEDYST 191
C""* EQUAL TO ALPHMX, WITH A REDUCTION IN ALPHA RESULTING IN LESS STEDYST 192
C*"* LESS DRAG DVJDT WILL CHANGE SIGN(I.E. A BOUNDED INTERVAL IN STEDYST 193
C*"" WHICH DVIDT EQUAL TO ZERO WILL BE FOUND). STEDYST 194

ALPHHI = ALPHMX STEDYST 195
DVDTHI = DVDT(ALPHHI,FPVTAS,GAMMAR,GWT) STEDYST 196
IF (DVDTHI.GE.O.0) THEN STEDYST 197

TFIRST = TFIRST/FNSTEP STEDYST 198
IF(TFRST.GE.BOUNDL) GO TO 19 STEDYST 199
GO TO 299 STEDYST 200

ENDIF STEDYST 201
C"" STEDYST 202
C"" SEARCH FOR DVIDT EQUAL TO ZERO FROM ALPHMX TO -ALPHMX. STEDYST 203

49 LARIJJO =49 STEDYST 204
A[ PHLO = ALPHHI -DALPHA STEDYST 205
FG = THRUSTC-OSD(ALPHLO+AIT) STEDYST 206
IF(JDEBUG.EQ.6666 .OR. JDEBUG.EQ.9999) STEDYST 207

& WRITE(LUOUT,9004) ICOUNT,LABLNOTHRUSTALPHLO,DVDTHI, STEDYST 208
& JFLAG,ERROR,ERRORJ STEDYST 209

IF(ALPHLOLT.ALPHMN) THEN STEDYST 210W
ERRFLAG = .TRUE. STEDYST 211
WRrTE(LUOUT,1002)THRUST,ALPHLO,ERROR,ERRORJ,ICONT STEDYST 212

1002 FORMAT(' -FAILED IN STEDYST. NO SOLUTION FOR DVDT.', STEDYST 213
& I,' THRUSTALPHAERROR,ERRORJ,ICOUNT =,STEDYST 214
& 2F9.2,2F1 0.4,13) STEDYST 215

RETURN STEDYST 216
ENDIF STEDYST 217
DVDTLO = DVDT(ALPHLO,FPVTAS,GAMMAR,GWT) STEDYST 218

C"*" STEDYST 219
C*"" CHECK TO SEE IF DVIDT EQUAL TO ZERO IS BOUNDED. STEDYST 220

IF (DVDTLO'DVDTHI.GT.0.0) THEN STEDYST 221
ALPHHI = ALPHLO STEDYST 222
DVDTHI = DVDTLO STEDYST 223
GO TO 49 STEDYST 224

ENDIF STEDYST 225
C*"" STEDYST 226
C"" ONCE ALPHA INTERVAL FOR DV/DT EQUAL TO ZERO IS BOUNDED, STEDYST 227
C"*" CALL FUNCTION ZEROX TO FIND ALPHA1, THE VALUE OF ALPHA FOR STEDYST 228
C"" DVIDT EQUALS ZERO. STEDYST 229

ALPHA1 = ZEROX(ALPHLOALPHHI,DVDT,FPVTAS,GAMMAR,GWT,EPS, STEDYST 230
& AINDY) STEDYST 231
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C*tm  STEDYST 232
C"" SEARCH FOR DGIDT SAME AS ABOVE SEARCH FOR DVIDT EQUALS ZERO. STEDYST 233

C"IF DGIDT EQUALS ZERO AT ALPHA = ALPHMX, PROGRAM FAILS. STEDYST 234
C**ALPHA2 IS REQUIRED VALUE OF ALPHA FOR DGIDT EQUAL TO ZERO. STEDYST 235

ALPHHI = ALPHlMX STEDYST 236
DGDTHI = DGDT(ALPHHI,FP VTAS,GAMMAR,G WT) STEDYST 237
IF(DGDTHI.LT.0.0) GO TO 299 STEDYST 238

59 LABLNO =59 STEDYST 239
ALPHLO = ALPHHI -DALPHA STEDYST 240
FG = THRUSTXcOSDALPHLO4.A[T) STEDYST 241
IF(JDEBUIG.EQ.6666 .OR. JDEBUG.EQ.9999) STEDYST 242

& WRITE(LUOUT,9005) ICOUNT,LABLNO,THRUST,ALPHLO,DGDTHI, STEDYST 243
& JFLAG,ERROR,ERRORJ STEDYST 244

IF(ALPHLO.LT.ALPHMN) THEN STEDYST 245
TFIRST = TFIRST/FNSTEP STEDYST 246
IF(TFRST.GE.BOUNDL) GO TO 19 STEDYST 247
GO TO 299 STEDYST 248

ENDIF STEDYST 249
DGDTLO = DGDT(ALPHLO,FPVTAS,GAMMAR,GWT) STEDYST 250
IF(DGDTLO'DGDTHI.GT.O.0) THEN STEDYST 251

ALPHlHl = ALPHLO STEDYST 252
DGDTHI = DGDTLO STEDYST 253
GO TO 59 STEDYST 254

ENDIF STEDYST 255
ALPHA2 = ZEROX(ALPHLOALPHHI,DGDT,FPVTAS,GAMMARGWTEPS, STEDYST 256

& FINDV) STEDYST 257
C""STEDYST 258

C"FIND ERROR BETWEEN ALPHA1 AND ALPHA2. STEDYST 259
ERROR = (ALPHAl - ALPHA2)/ALPHMX STEDYST 260
IF ((ABS(ERROR).LT.0.005 ).OR. STEDYST 261

& (ABS(ERROR).LT.0.01 0 AND. ICOUNT.GT.25).OR. STEDYST 262
& (JFLAG.EQ.3 )) THEN STEDYST 263

ALPHA =ALPHA1 STEDYST 264
RETURN STEDYST 265

ELSE STEDYST 266
C'"" MAKE NEW GUESS AT THRUST AND REPEAT DVIDT AND DG/DT LOOPS STEDYST 267
C'tm  UNTIL ALPHA1 EQUALS ALPHA2 (WITHIN TOLERANCES). STEDYST 268

CALL rrRLND(ERROR,ERRORJ,THRUST,FACTORTOLRNCE,JFLAG) STEDYST 269
ENDIF STEDYST 270

20 CONTINUE STEDYST 271
299 WRITE(LUOUT,1004) TrFP.ST,DGDThI,ERROR,ERRORJALPHA1 ,ALPHA2, STEDYST 272

& ICOUNT STEDYST 273
1004 FORMATC - FAILED IN SUBROLJTNE STEDYST.-A STEDYST 274

& TFIRST, OGOTHI, ERROR, ERRORJ, ALPHA1,', STEDYST 275
& 'ALPHA2,ICOUNT = ',IF8.0,5F10A4I7) STEDYST 276

ENDIF STEDYST 277

is
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ERRFLAG = .TRUE. STEDYST 278
9002 FORMAT( ICOUNT, LADINO, THRUST, FPVTAS, DVOT, JF..AG,', STEDYST 279

& ' ERROR, ERRORJ . ;' STEDYST 280
& 218, F8.0, F8.1, F8.4, 17,2F8.3) STEDYST 281

9003 FORMAT( ICOUNT, LABLNO, THRUST, FPVTAS, DGDT, JFLAG,', STEDYST 282
& ' ERROR, ERRORJ = V, STEDYST 283
& 218, F8.0, F8.1, F8.4, 17,12F8.3) STEDYST 284

9004 FORMAT( ICOUNT, LABLNO, THRUST, ALPHA, DVDT, JFLAG,', STEDYST 285
& ' ERROR, ERRORJ ='), STEDYST 286
& 218, F8.0, F8.1, F8.4, 17,2F8.3) STEDYST 287

9005 FORMATC ICOUNT, LABLNO, THRUST, ALPHA, DGDT, JFLAG,', STEDYST 288
& ' ERROR, ERRORJ ='V, STEDYST 289
& 218, F8.0, F8.1, F8.4, 17,2F8.3) STEDYST 290

RETURN STEDYST 291
END STEDYST 292

0
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Subroutine FLARENZ

SUBROUTINE: FLARENZ(APHAGAMMAPP,GAMMATD,HAGLHCLEAR,HFLARE, FLARENZ 1
& HRUNWAY,SINKTDTHRUSTVKAPPXLFLAREXLFMAX) FLARENZ 2

C*"" THIS SUBROUTINE DETERMINES THE CORRECT TARGET LOAD FACTOR FOR FLARENZ 3
C*"" THE LANDING FLARE. FLARENZ 4
C"" FLARENZ 5
C'" SUBROUTINE ITRLND IS A ZERO-FINDING ROUTINE, WHICH VARIES THE FLARENZ 6
C"" INDEPENDENT VARIABLE BASED ON THE SUZE AND SIGN OF THE ERROR. FLARENZ 7
C"*" THE LOOP CONTAINING ITRLND IS EXITED SUCCESSFULLY WHEN JFLAG = 3, FLARENZ 8
C"*" OR THE MAGNITUDE OF THE ERROR IS LESS THAN SOME ACCEPTABLE VALUE. FLARENZ 9
C"" VARIABLE JCOUNT STORES THE NUMBER OF ITERATIONS WHICH IS UIMITED FLARENZ 10
C"" TO 25. FLARENZ 11
C'tm  FLARENZ 12

DOUBLEPRECISION DTIMEDTIMEJTIME CTRL 1
PARAMETER (LUIN=3,LUOUT=4) CTRL 2
C~OMMONCTRU DT1MEFDTIMEJ,ICQUNTJDEBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEQ,NPAGE~TIMETIMEROL CTRL 4
DOUBLEPRECISION FPVTAS,GAMMAR,FPDISTPRESALT,FPACCELDGDTR,VHAS, FPINTEG 1

& ROC,RKAIR FPINTEG 2
COMMOINIFPINTEG/ FPVTAS,GAMMAR,FPDIST,PRESALT,FPACCELDGDTFI,VHAS, FPINTEG 3

& ROC,RKAIR(40) FPINTEG 4
PARAMETER (ASL=661 .48,FPSK-TS=1 .687806,G= 32.174, CONST 1

& RX(=57.2977951308,TSLF=5e.0,ZERO=0.0) CONST 2
COMMONJCONST/ ASISOR5,T WOO VR7 CONSI 3
LOGICAL AOAOFLG,BRKFIAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GERIAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOF1.AGSBKFLAG,SPLRLAG,SPOOLSTEADY,TERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITITR RLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLAG,CLRHGTERRRLAG,FANLFLG,FLAPFLG, RLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTORLAGSBKFLAG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFLAGWRITIT FLAGS 8

CHARACTER ENGGRP'3,FNILGRP'3,FAIWMOD'5,FAILST'4,MVW*3,MANUVR'6, CHARV 1
& THRCRV*3,TKOTYPE'7 CHARV 2

COMMOINIHARVI ENGGRP,FAILGRP,FNILMOD,FAJLSTMVR,MANUVRTHRCRV, CHARV 3
& TI(OTYPE CHARV 4

REAL INTERP FLARENZ 17
DATA EPSROC,FACTOR, MAXITER, TOLRNCE FLARENZ 18

& I 0.5, 1.03, 25, 0.00001/ FLARENZ 19
Ctm' RARENZ 20
C"" CALCULATE INITIAL LOAD FACTOR GUESS FOR FLARE. FLARENZ 21

VAPP = VKAPP*FPSKTS FLARENZ 22
GAMAPPR - GAMMAPP/RX FLARENZ 23
GAMATDR = ASIN(-SINKTDAPP) FLARENZ 24
XLFLARE - (VAPP"2'(COS(GAMATDR) - COS(GAMAPPR))I FLARENZ 25

& (G'HFLARE)) + 1.0 FLARENZ 26
GAMMATD= GAMATDR'RX FLARENZ 27
IF(XLFLAREGT.XLFMAX) CALL HALT(LUIN.LUMSG,LUOUT, FLARENZ 28

& 'RLARE LOAD FACTOR EXCEEDS MAXIMUM UIMIT.') FLARENZ 29
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C"FLARENZ 30
C"" HTIALIZE PARAMETERS FOR FLARE ITERATIONS. FLARENZ 31

A0AAPP = ALPHA FLARENZ 32W
BOUNDU = XLFMAX FLARENZ 33
ERROR = 1.0 FLARENZ 34
FNAPP = THRUST FLARENZ 35
FPVTASJ = FPVTAS FLARENZ 36
JFLAG = 0 FLARENZ 37
IF(.NOT.WRMTR) THEN FLARENZ 38

IF(JDE8UG.EQ.6666 .OR. JDEBUG.EQ.9999) THEN FLARENZ 39
WRITE(LUOUT,1001) FLARENZ 40

ELSE FLARENZ 41
WRITE(LUOUT,1002) FLARENZ 42

ENDIF FLARENZ 43
ENDIF FLARENZ 44
DO 10 JCOUNT=1,MAXITE+1 FLARENZ 45

IF (JFLAG.NE.4) THEN FLARENZ 46
IF (JFLAG.LE.1) ERRORJ =ERROR FLARENZ 47
ALPHA = AOMAPP FLARENZ 48
DTIME = DTIMEJ FLARENZ 49
FDIST = ZERO FLARENZ 50
FPVTAS = FPVTASJ) FLARENZ 51
ROCTDJ = ROCTD FLARENZ 52
THRUST =FNAPP FLARENZ 53
TIME = DDLE(ZERO) FLARENIZ 54
XLF = XLFLARE FLARENZ 55
XLFMAX = XLFLARE FLARENZ 56
UINEI4UM = 6 FLARENZ 57W
IF(WRIflTR) WRITE(LUOUT,1003) XLF,SINKTD,FAGTOR,ERROR,JFLAG, FLARENZ 58

JCOUNT FLARENZ 59
IF(HCLEAR.LE.HFLARE)THEN FLARENZ 60

IF(WRITITR) WRITE(LUJOUT,1004) FLARENZ 61
ELSE FLARENZ 62

STEADY =.TRJE. FLARENZ 63
CALL APPROCH(ALPHAGAMMAPP,FDIST,HAGLHCLEAR,HFLARE, FLARENZ 64

& HRUN WAY) FLARENZ 65
ENDIF FLARENZ 66
STEADY = .FALSE. FLARENZ 67
CALL FLARE(ALPHAIFDIST,ODIST,ROCTD,VKrGS) FLARENZ 68
IF(7ERMFLG) RETURN FLARENZ 69
WRITE(LOU,1006) -ROCTD*6O.0,JFLAGJCOUNT FLARENZ 70
DELTROC = -ROCTD - SINKnD FI.ARENZ 71
IF(SINKTD.NE.ZERO) THEN FLARENZ 72

ERROR = DELTROC/SINKTD FLARENZ 73
ELSE FLARENZ 74

ERROR = DELTROC FLARENZ 75
ENDIF FLARENZ 76
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QF(JLAG.LT.3 AND. ABS(DELTROC).GE.EPSROC(60.0) THEN FLARENZ 77
"ý!FJ =XLF FLARENZ 78

C"'. FLARENZ 79
C"" GUESS NEW LOAD FACTOR BASED ON ERROR-CALL [URLND. FLARENZ 80

CALL ITRND(ERROR,ERRORJ,XLFLAREFACTOR,TOLRNCE,JFLAG) FLARENZ 81
IF(JCOUNT.GT.25 .OR. FLARENZ 82

& XLFLARE.GT.BOUNDU .OR. XLFLARE.LE.1.0) THEN PLARENZ 83
C""* RESET PARAMETERS TO PRE-FLARE SETTINGS. PIARENZ 84

ALPHA = AOMAPP FLARENZ 85
DTIME = DT1MEJ FLARENZ 88
FPVTAS = PPVTASJ R ARENZ 87
THRUST = FNAPP FLARENZ 88
XLF = XLFLARE FLARENZ 89
XLFMAX = BOUNDU FLARENZ 90
WRITE(LUOUT,1006)XLFLARE,ROCTD,SINKTD,ERROR,ERRORJ, FLARENZ 91

& JCOUNTJFLAG FLARENZ 92
RETURN FLARENZ 93

ENDIF FLARENZ 94
ELSE FLARENZ 95

JFLAG =4 FLARENZ 96
ENDIF FLARENZ 97

ENDIF FI.ARENZ 08
10 CONTINUE FLARENZ 99

1001 FORMATCý -"LANDING -,4 FLARENZ 100
1002 FORMAT( -"'LANDN "-,4 FLARENZ 101
1003 FORMAT(11 XLRLARE, SINKTD, FACTOR, ERROR, JFLAG, JCOUINT_-', FLARENZ 102

& Pl11.4, 2F8.2, F8.4, 218 A) FLARENZ 103
1004 FRACTIME DIST. WEIGHT ALT. VCAS VTAS VTGS', PLARENZ 104

& ACCEL CL CD THETA ALPHA GAMMA DTHET ',FLARENZ 10
& RIC LOAD THRUSTXENG',IAEN 0

&'(SEC) (FEET) (LBS) (FEET) (KTS) (KTS) (KTS)', FLARENZ 107
& '(FPS2) (DEG) (DEG) (DEG) /DT' FLARENZ 108
& '(PPM) FACT (1.88) OR MU',/ FLARENZ 109

1005 FORMAT(`" SINK RATE AT TOUCHDOWN =',F7.1,' FEET/MINUTE', FLARENZ 110
& 'CONVERGENCE FLAG --',13, FLARENZ 111
& FLARENZ ITERATION NUMBER =1,')FLARENZ 112

1006 FORMATC -' FAILED IN FLARENZ',, FLARENZ 113
& 'XLFLARE,ROCTD,SINKTD =%,F8.4029.2)I, FLARENZ 114
& 'ERROR.ERRORJJCOUNTJFLAG ='027.4,213) FLARENZ 115

C"" FLARENZ 116
C"` TOUCHDOWN RATE WITHIN TOLERANCE; RESET PARAMETERS TO PRE-FLARE FLARENZ 117
C"" SETTINGS. FLARENZ 118

ALPHA = AOMAPP FLARENZ 119
DT1ME = DT1MEJ FLARENZ 120
PPVTAS = FPVTASJ FLARENZ 121
THRUST = FNAPP PLARENZ 122
XLF = XLFI.ARE FLARENZ 123
XLFMAX = BOUNDU FLARENZ 124
IF(JCOUNT.GE-1) THEN FLARENZ 125

XLFLARE = (INTERP(XLFXFJ,ROCTD,ROCTDJ,-SINKTD) + 2.0'XLF)t3.0 FLARENZ 126
ENDIP FLARENZ 127
RETURN FI.ARENZ 128
END FLARENZ 129
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Subroutine APPROCH

SUBROUTINE APPROCH(ALPHAGMMAPP,GDWST,HAGLHCLEAH,HRARE,HRUNWAY) APPROCH 1
C*" THIS SUBROUTINE CCNTROLS THE EXECUTION OF THE LANDING APPROACH APPROCH 2
Cm"* WHEN THE OBSTACLE CLEARANCE HEIGHT, HCLEAR, IS ABOVE THE FLARE APPROCH 3
C" HEIGHT, HFLARE. USING THE VALUES FROM SUBROUTINE STEDYST AS APPROCH 4
C*** CONSTANTS, APPROCH DOES NOT USE RUNGE-KUTTA NUMERICAL INTEGRATION. APPROCH 5

C"APPROCH 6
DOUBLEPRECISION DTIME,D11MEJ,11ME CTRL 1
PARAMETER (LUIN=-3,LUOUT--4) CTRL 2
COMMONICTRL/ DTIME,DTIMEJ,ICOUNTJDEBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEQ,NPAGETIME,TIMEROL CTRL 4
COMMON/NRCRF-T/ AOA3PT,AR,B,CGPCT,CLALPH,CONFIG,DTDTMX,FLT,GWT,HZ. AIRCRFT 1

& LOADING,SWING,THTMAX,WNGLOD,XLFMAX AIRCRFT 2
COMMONIAERO/ CX,CY,DADTCMD,DCDX.DCLX,DTDTGEX,FLAP,FLPPCT,OS, AERO 1

& SPDBRK,SPOILER,VKCAS,VKTAS AERC 2
COMLONJENGINE/ AIT,AMACH,DTFAILIEPR,FE,FG,FGPCT,NENG,PWRCODE, ENGINE 1

& REVNDX,RCTHRUST,VTANGLE,WFUELXENG,XENGFLD ENGINE 2
& XENGOUTXIDLEXMILZFN ENGINE 3

COMMIONIAMRSPED/ VKABRKVKAPP,VKBRAKE,VKEND,VKFAJLVKFLAPYKFLPMX, AMRSPED 1
& VKMGG,VKROTAT,VKSTART,VKWIND,VWIND AIRSPED 2

DOUBLEPRECISION FPVTAS,GAMMAR,FPOIST,PRESALT,FPACCELDGDTR,VHAS, FPINTEG 1
& ROC,RKAIR FPINTEG 2

COMMONIFPINTEGI FPVTAS,GAMMAR,FPDIST,PRESALT,FPACCELDGDTR,VHAS, FPINTEG 3
& ROC,RKAIR(40) FPINTEG 4

COMMON/ATMOSI TEMPR,PRESS,RHOAFPS,V1SCOSK~DELTASIGMATHETA,DTEMPF ATMOS 1
PARAMETER (ASL=OBI.48,FPSK(TS=1 .687806,G= 32.174, CONST 1

& RX=572957795308,TSLF=59.0.ZERO=0O.0) CONST 2
COMMONJCONST/ ASLSOR5,TWOOVR7 7,)NST 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOR.AG,SBKFLAG,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS
& VFFLAG,WRmTR i-LAGS 4

COMMON/FLAGS1 AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAJLFLGFLAPFLG, FLAGS 5
& FPCTFLG,GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATERTOFLAG,SBKFLAG.SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRMTR FLAGS 8

REAL ATMARY(8),S(48),INTERP APPROCH 16
EQUIVALENCE TMNPRATMARY(1 )),(FPVTAS,S(1)) APPROCH 17
DATA APPDTIM10.51 APPROCH 18

C"APPROCH 19
C'ý WRITE HEADER RECORD FOR OUTPUT. APPROCH 20

IF(WRITITR) WRITE(LUIOUT,1 001) APPROCH 21
1001 FORMIATC TIME DIST. WEIGHT ALT. VCAS VTAS VTGS', APPROCH 22

& 'ACCEL CL CD THETA ALPHA GAMMADOTHET, APPROCH 23
& RIC LOAD ThRI 0 "cNGVJ, APPROCH 24
& '(SEC) (FEET) (L .) (KTS) (KTS) (KTS)y, APPROCH 25
& -(FPS2) (DEG) (DEG) (DEG) /DT, APPROCH 26
& '(FPM) FACT (LBS) OR ML))) APPROCH 27

GAMAPPR = GAMMAPP/RX APPROGH 28
GAMMAR = GAMAPPR - ASIN((VWIND/FPVTAS)51IN(GAM*PPR)) APPROCH 29
VAPP = VKAPP*FPSKTS APPROCH 301
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C**APPROCH 31
Ctm' CALCULATE SINK RATE AT APPROACH IN FEEIYMINUTE. APPROCH 32

ROC = FPVTAS-SIN(GAMMAR) APPROCH 33
SINKRT = -ROC'60.0 APPROCH 34

C*"APPROCH 35
C"" CALCULATE VARIABLES FOR OUTPUT ON APPROACH. APPROCH 36

DELTAH = -ROC'APPDTIM APPROCH 37
DGDIST = -DELTAH/TAN(GAMAPPR) - VWIND'APPDT1M APPROCH 38
DTDT = FPACCEL = ZERO APPROCH 39
GDIST = -OGOIST APPROCH 40
HAGL = HCLEAR + DELTAH APPROCH 41
OVERFLG = .FALSE. APPROCH 42
TIME = DBLE(-APPDTIM) APPROCH 43
CALL SPEED( GAMMAR,FPVTAS,VWIND,AMACH,QS,VKCAS,VKEAS,VKTAS, VKTGS, APPROCH 44

VTGS) APPROCH 45
VKCAS = VKAPP APPROCH 46
XLF = 1.0 APPROCH 47

19 HAGL = HAGL - DELTAH APPROCH 48
FPVTASJ = FPVTAS APPROCH 49
IF(HAGLGT.HFLARE) THEN APPROCH 50

C*" OBTAIN ATMOSPHERIC VARIABLES. APPROCH 51
PRESALT = HRUN WAY + HAGL APPROCH 52
CALL ATMOSPH(PRESALTATMARY) APPROCH 53
CALL FORCEX(ALPHACD,CL) APPROCH 54
FPVTAS = VAPPISC- i'5'IGMA) APPROCH 55
FPACCEL = (FPVTAS - FPVTASJ)IAPPDTlM APPROCH 56
GDIST = GDIST + DGDIST APPROCH 570HAGU =HAGL APPROCH 58
TIME = TIME + DBLE(APPDTIM) APPROCH 59
XLF = 1.0 APPROCH 60
THETAF = ALPHA + GAMMAR*RX APPROCH 61
CALL SPEED( GAMMAR,FPVTASVWIND,AMACH,OS,VKCAS,VKEAS,VKTAS, VKTGS, APPROCH 62

VTGS) APPROCH 63
VKCAS =VKAPP APPROCH 64
UINENUM = UINENUM + 1 APPROCH 65
IF(WRITTR) THEN APPROCH 66

IF(APPDTIM.GE.O.1 0) THEN APPROCH 67
WRITE(LUOUT,1002) TIME,GDIST,GWT,HAGLVKCAS,VKTAS,VKTGS, APPROCH 68

& FPACCELCLICD,THETAFALPHA,GAMMAPP, APPROCH 69
& DTDT,-SINKRT,XLF,THRUST,XENG APPROCH 70

ELSE APPROCH 71
WRITE(LUOUT,1003) TIME,GDIST,GWT,HAGLVKCAS,VKTAS,VKTGS, APPROCH 72

& FPACCELCLCD,THETAF,ALPHA,GAMMAPP, APPROCH 73
& DTDT,-SINKRT,XLFTHRUSrXENG APPROCH 74

ENDIF APPROCH 75
ENDIF APPROCH 76

1002 FORMAT(F6.1 .F8.0,F9.0,F8.1 ,3F7.1 ,F7.2,Ftu.4,F7.4,4F7.2,FB.1, APPROCH 77
& F6.2,F9.0,F7.3) APPROCH 78

1003 FORMAT(F6.2,F8.0,F9.O,F8.1 ,3F7.1 ,F7.2,F8.4,F7.4,4F7.2,F8.1, APPROCH 79
&F6.2,F9.0,F7.3) APPROCH 80

GO TO19 APPROCH 81
ENDIF APPROCH 82
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C"'* APPROCH 83
C"*" CALCULATE TIME PLUS DTIMEJ FOR TIME WITHOUT ALTITUDE APPROCH 84
C*"" EXTRAPOLATION. THEN, AFTER GROUND DISTANCE AND TIME ARE APPROCH 85
C*"" EXTRAPOLATED FOR THE EXACT FLARE HEIGHT, HFLARE, CALCULATE APPROCH 86
C-" NEW DELTA TIME (WHICH WILL ALWAYS BE LESS THAN THE ORIGINAL APPROCH 87
C-" DELTA TIME, DTIMEJ) SO THAT THE ELAPSED TIME WILL BE AN EVEN APPROCH 88
C"" MULTIPLE OF THE ORIGINAL DELTA TIME, DTIMEJ. LATER IN APPROCH 89
C'" SUBROUTINE FLARE, DTIME WILL BE RESET TO THE ORIGINAL DELTA APPROCH 90
C'" TIME, DTIMEJ APPROCH 91

TTAPPDT = FLOAT(TIME) + APPDTIM APPROCH 92
TTDTIME = FLOAT(TIME + DTIME) APPROCH 93

C"" APPROCH 94
C**** EXTRAPOLATE VALUES FOR DISTANCE AND TIME TO CORRESPOND TO APPROCH 95
C*" ALTITUDE HFLARE. APPROCH 96

GDIST = INTERP(GDIST+DGDIST ,GDIST ,HAGL,HAGLJ,HFLARE) APPROCH 97
TIME = INTERP(FLOAT(TIME+APPDTIM) ,FLOAT(TIME),HAGL,HAGLJ,HFLARE) APPROCH 98
IF(APPDTIM.GT.FLOAT(DTIME)) THEN APPROCH 99

IF(TrDTIME-FLOAT(TIME).LE.ZERO) THEN APPROCH 100
DTIME = DBLE(TIAPPDT) -TIME APPROCH 101

ELSE APPROCH 102
DTIME = DBLE(TIDTIME) - TIME APPROCH 103

ENDIF APPROCH 104
IMINUS = INT(APPDTIM/FLOAT(DTIMEJ)) + 1 APPROCH 105
DO 10 I=1,IMINUS APPROCH 106

IF(DTIME.GT.DT!MEJ) DTIME = DTIME - DTIMEJ APPROCH 107
10 CONTINUE APPROCH 108

ELSE APPRCCH 109
IF(TTAPPDT-FLOAT(TIME).LE.ZERO) THFN APPROCH 110

DTIME = DBLE(TTDTIME) - APPROCH 111
ELSE APPROCH 112

DTIME = DBLEtTTrAPDT) - TIMF APPROCH 113
ENDIF APPROCH 114
IMINUS = INT(FLOAT(DTIMEJ)/APPDTIM) + 1 APPROCH 115
DO 20 I=1,IMINUS APPROCH 116

IF(FLOAT(DTIME).GT.APPDTIM) DTIME = DTIME - DBLE(APPDTIM) APPROCH 117
20 CONTINUE APPROC-I 118

ENDIF APPROCH 119
RETURN APPROCH le,-
END APPROCH 121
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Subroutine FLARE

SUBROUTINE FLARE(ALPHA,GDISTODIST,ROCTD,V(TGS) FLARE 1
Ctm THIS SUBROUTINE CALCULATES THE FLARE MANEUVER BY RUNGE-KW"TA FLARE 2
C"*" NUMERICAL INTTEGRATION. THE INTEGRATION STEP SIZE IS DTIME FLARE 3
C**" SECONDS. THE INPUT VARIABLE, HFLARE, IS THE HEIGHT AT WHICH THE FLARE 4
Ctm' FLARE IS STARTED. FLARE 5
C""* FLARE 6
C"" THE VARIABLE DTDTGEX IS PROVIDED TO THE USER AS A MEANS TO ACCOUNT FLARE 7
C"" FOR A LOSS IN THE PITCH RATE CAPABILITY DUE TO GROUND EFFECT. FLARE 8
C""* DTDTGEX MAY BE A FUNCTION OF WING HEIG14TNVING SURFACE AREA, TOTAL FLARE 19
C' UIFT COEFFICIENT, L', CIRCULATION UIFT COEFFICIENT; ETC. DTDTGEX FLARE 10
C*"' WOULD FQUAL 1.0 OUT OF GROUND EFFECT AND LESS THAN 1.0 IN GROUND FLARE 11

C"'EFFECT. DTDTGEX SHOULD BE CALCULATED iN SUBROUTINE 'FXXAERO', FLARE 12
C"" PASSED THROUGH THE CALLING STATEMENT TO SUIBROUITINE FORCEX. THE FLARE 13
C""* USER MAY IGNORE DTDTGEX WITHOUT AFFECTING PROGRAM EXECUTION. FLARE 14
Ctm'* FLARE 15

DOUBLEPRECISION DTIME,DTIMEJ,TIME CTRL 1
PARAMETER (LUIN=3,LUOUT--4) CTRIL 2
COMMON/OTRI! DTIME,DTIMEJ,ICCUNTJDEBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEO,NPAGE,11ME,TIMEROL CTRL 4
COMMON/AIRCRFTI AOA3PT,AR,B,CGPCT,CLALPH,CONFIG,DTDTMX,FLT,GWVT,HZ, AiRCRFT 1

& LOADiNG,SWVING,THTMAX,WNGLOD,XFMAX AJRCRFT 2
COMMONIAERCi' CX,CY,DADTCMD,DCDX,DCLX,DTDTGEX,FLAP,FLPPCT,QS, AERO 1

& SPDBRK~SPOILER,VKCAS,VKTAS AERO 2
COMMOWtENGINEI AIT,AMACH,DTFAILEPR,FE,FG-,FGPCT,NENG,PWRCODE, ENGINE 1

& REVNDX,RC~THRUSTVTANGLEWFUEI..XENGXENGFRD, ENGINE 2
& XENGOUT,XIDLEXMILZFN ENGINE 3

COMMONIAIRBORNI ALPHAJALPHMX,DTDT,GAMMAPP,ROCFPMTHETAF,XLF,XLFJ AiRBORN 1
COMMONIMIRSPEDI VKABRK,VKAPP,VKBRAKE,VKEND,VKFAILVKFLAP,VKFLPMX, AIRSPED 1

& VKMCGVKROTAT,VKSTART,VKWIND,VVWIND AIRSPED 2
COMMON/RUNWAY/ ABARGAOAABRK~BRAKMU,BRKFCTR,GAMMARW,GRW,HAGL, RUNWAY 1

& HCLEAR,HFLAREHGEAR,HRUNWAYIMU,RCR,ROLLMU,TIMEFLD, RUNWAY 2
& TIMEBRK,T1MEFLP,TIMESBKT1MESPLXMU RUNWAY 3

DOUBR EPRECISION FPVTAS,GAMMAR,FPDISTIPRESALT,FPACCELDGDTR,VHAS, FPIN1EG 1
& ROC,RKAIR FPINTEG 2

COMMONtFPINTEGI FPVTAS,GAMMAR,FPDIST,PRESALT,FPACCELDGDTR,VHAS, FPINTEG 3
& ROC,RKAIR(40) FPINTEG 4

COMMON/ATMOSI TEMPR,PRESS,RHO,AFPS,VISCOSKDELTA,SIGMATHETADTEMPF ATMOS 1
PARAMETER (ASL-661 .48,FPSKTS-1 .687806,G= 32.174, CONST 1

& RX=57.29577951308,TSLF--59.0,ZERO=0.0) CONST 2
COMMONICONST/ ASLSQR5,TWOOVR7 CONST 3
LOGICAL A.OAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,LIFTOFF,OVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY,TERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRMTR FLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLG,GEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTOFLAG,SBKFLAG,SPLFLAG,SPOOLISTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRITITR FLAGS 8
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LOGICAL NFIK,INIRKJ FLARE 27
REAL ATMARY(8),S(48),INTERP FLARE 28 ,
EQUIVALL'CE (TEMPRATMARY(1)),(FPVTAS,S(1)) FLARE 29 W
EXTERNAL DERIVALINTERP FLARE 30

C*"* FLARE 31
C*"* AIRBORNE INTEGRATION VARIABLES FLARE 32
C"" NEO = NUMBER OF EQUATIONS FLARE 33
C"" DTIME = TIME INTERVAL, STEP SIZE (SECONDS) FLARE 34
C-" FPVTAS = VELOCITY ALONG FLIGHT PATH (FEET/SECOND) FLARE 35
C"" GAMMAR = FIGHT PATH ANGLE (RADIANS) FLARE 36
C**" FPDIST = DISTANCE ALONG FIGHT PATH (FEET) FLARE 37
C'-" PRESALT = ALTITUDE (FEET) FLARE 38
C"- FPACCEL = ACCELERATION ALONG FIGHT PATH (FEETISECOND"2) FLARE 39
C'" DGDTR = TIME RATE OF CHANGE OF FIGHT PATH ANGLE FLARE 40
C*" (RADIANS/SECOND) FLARE 41
C-" VHAS = HORIZONTAL SPEED (FEET/SECOND) FLARE 42
C"*" ROC = RATE OF CUMB (FEET/SECOND) FLARE 43
C"' FLARE 44
C"" INIALIZE VARIABLES FOR FLARE INTEGRATION LOOP. FLARE 45

GAMAPPR = GAMMAPP/RX FLARE 46
GAMMAR = GAMAPPR - ASIN((VWIND/FPVTAS)'SIN(GAMAPPR)) FLARE 47
HAGL = HFLARE FLARE 48
ICOUNT =1 FLARE 49
INIRKI = .FALSE. FLARE. 50
ODIST = ZERO FLARE 51

C*" FLARE 52
C"" FLARE INTEGRATION LOOP FLARE 53

19 DO 10 NCOUNT=ICOUNT,10 FLARE 54 W
PRESALT = HAGL + HRUNWAY FLARE 55
ALPHAJ = ALPHA FLARE 56

C"" FLUTE 57
C"" OBTAIN ATMOSPHERIC VARIABLES. FLARE 58

CALL ATMOSPH(PRESALTATMARY) FLARE 59
CALL FORCEX(ALPHA,CD,CL) FLARE 60
CALL SPEED( GAMMAR,FPVTAS,VWINDAMACH,QS,VKCAS,VKEASVKTAS,VKTGS, FLARE 61

VrG.R1 FLARE 62
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IF(.NOT.INIRKJ) THEN FLARE 63
SC* t  MAKE INITIAL INTEGRATION STEP. FLARE 64

CALL I MTX(NEnTIME,DTIME,S,DERIVALALPHA) FLARE 65
ROC = FPVTAS*SIN(GAMMAR) FLARE 66
SINKRT = -ROC'60.0 FLARE 67
THETAF = ALPHA + GAMMAR*RX FLARE 68
GAMMA!! ATAN(ROCNTGS)rRX FLARE 69
DTDT = ZERO FLARE 70
IF(DTIMEJ.EQ.DTIME) THEN FLARE 71

C"" NO SHORT TIME INCREMENT IN THIS CALL TO FLARE. FLARE 72
INIRKI = .TRUE FLARE 73
INIRKJ = .FALSE. FLARE 74

ELSE FLAAE 75
C"" A SHORT TIME INCREMENT IN THIS CALL TO FLARE IS NEEDED FLARE 76
C"" TO BRING THE ELAPSED TIME TO AN EVEN MULTIPLE OF DELTA FLARE 77
C"" TIME FOR THIS INTEGRATION STEP ONLY. FLARE 78

INIRKI = .TRUE. FLARE 79
INIRKJ = .TRUE. FLARE 80

ENDIF FLARE 81
ELSE FLARE 82

C**" INCREASE ANGLE OF ATTACK AT A RATE OF DADTCMD*DTDTGEX FLARE 83
C"" DEGREES PER SECOND. FLARE 84

CALL PITCH(LANDING',ALPHADADTCMD,DTIME,DTDTGEX,LUOUT) FLARE 85
C*" FLARE 86
C*"" MAKE INTEGRATION STEP. FLARE 87

CALL INTZ(NEQ,TIME,DTIMEFS,DERIVALALPHA) FLARE 88
IF(ERRFLAG) THEN FLARE 89

C"" TERMINATE LANDING EXECUTION. FLARE 90
TERMFLG = .TRUE. FLARE 91
RETURN FLARE 92

ELSEIF(INIRKJ) THEN FLARE 93
C*" A SHORT TIME INCREMENT IN THIS CALL TO FLARE WAS NEEDF!n FLARE 94
C"**" TO BRING THE ELAPSED TIME TO AN EVEN MULTIPLE OF DELTA FLARE 95
C"" TIME FOR THIS INTEGRATION STEP ONLY; RESET DTIME TO THE FLARE 96
C"" ORIGINAl VALUE, DTIMEJ. SET DTIMEJ TO ZERO SO THE FLARE 97
C, FLAGS INIRKI AND INIRKJ WILL BE RESET TO PROPER VALUES. RARE 98

INIRKI = .FALSE. RARE 99
ICOUNT = ICOUNT -1 RARE 100
DTIME = DTIMEJ RARE 101

ENDIF RARE 102
GAMMA = ATAN(ROCNTGS)'RX RARE 103
GDISTJ = GDIST FLARE 104
CALL INTG( DIST,rKAIR(27),DTIME,GAMMAR,VW1ND,0.0, RARE 105

DDIST,GDIST,GWT) FLARE 106
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HAGU = HAGL FLARE 107
HAGL = PRESALT - HRUNWAY FLARE 108
SINKRT = -ROC'60.0 FLARE 109
TIMEJ = FLOAT(TIME - DTIME) FLARE 110

C*"' FLARE 111
C"" OBTAIN SINK RATE AT TOUCHDOWN. FLARE 112

IF (HAGLLE.0.10) THEN FLARE 113
C"'' STORE CURRENT TIME IN TrDTIME VARIABLE. THEN, AFTER FLARE 114
C"" GROUND DISTANCE AND TIME ARE INTERPOLATED FOR THE FLARE 115
C"" TOUCHDOWN POINT, CALCULATE NEW DELTA TIME (WHICH FLARE 116
C"' WILL ALWAYS BE LESS THAN THE ORIGINAL DELTA TIME, FLARE 117
Ctm' DTIMEJ) SO THAT THE ELAPSED TIME WILL BE AN EVEN FLARE 118
C**" MULTIPLE OF THE ORIGINAL DELTA TIME, DTIMEJ. LATER IN FLARE 119
C**" SUBROUTINE ROLL, DTIME WILL BE RESET TO THE ORIGINAL FLARE 120
C**" DELTA TIME, DTIMEJ. FIARE 121

NPTS = INT(TlMEDTIME) FLARE 122
ICOUNT = NPTS - INT(10.0'FLOAT(NPTS/10)) - 1 FLARE 123
TrDTIME = FLOAT(fIME) FLARE 124
GDIST = INTERP(GDIST ,GDISTJ ,HAGLHAGIJ,ZERO) FLARE 125
ROCTD = INTERP(ROC ,ROCJ ,HAGLIHAGUJZERO) FLARE 126
TIME = INTERP(FLOATTME) ,TIMEJ ,HAGLHAGULZERO) FLARE 127
DTIME = DBLE(TrDTIME)- TIME FLARE 128
RETURN FLARE 129

ELSEIF (ROC.GEZERO) THEN FLARE 130
NPTS = INT(TIME/DTIME) FLARE 131
ICOUNT = NPTS - INT(10.0'FLOAT(NPTSi10))- 1 FLARE 132
ROCTD = ZERO FLARE 133
RETURN FLARE 1340

ENDIF FLARE 135
ROCJ = ROC FLARE 136

ENDIF FLARE 137
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IF(HAGLLTZERO) HAGL = 0.10 FLARE 138
IF(OVERFLG .AND. HAGLLT.HCLEAR) THEN FLARE 139

C*"" INTERPOLATE TO FIND DISTANCE AT OBSTACLE CLEARANCE HEIGHT, FLARE 140
C*"* HCLEAR, IF THE FLARE HEIGHT, HFLARE, IS HIGHER THAN THE FLARE 141
C"** OBSTACLE CLEARANCE HEIGHT, HCLEAR. FLARE 142

OVERFLG = .FALSE. FLARE 143
ODIST = INTERP(GDISTGDISTJ,HAGLHAG.J,HCLEAR) FLARE 144

ENDIF FLARE 145
IF(WRITITR AND. (.NOT. INIRKJ .OR. INIRKI)) THEN FLARE 146

IF(DTIME.GE.O.IODO) THEN FLARE 147
WRITE(LUOUT,1002) TIMEGDISTGWr,HAGLVKCAS,VKTASVKTGS, FLARE 148

& FPACCELCLCD,THETAFALPHAGAMMA, FLARE 149
& DTDT,-SINKRT,XLF,THRUSTXENG FLARE 150

ELSE FLARE 151
WRITE(LUOUT,1003) TIME,GDIST,GWT,HAGLVKCASVKTAS,VKTGS, FLARE 152

& FPACCELCLCD,THETAF.ALPHAGAMMA, FLARE 153
& DTDT,-SINKRT,XLF,THRUSTXENG FLARE 154

ENDIF FLARE 155
UNENUM = UNENUM + 1 FLARE 156
IF(UNENUM.GE.NPAGE) THEN FLARE 157

C**" RESET UNE NUMBER COUNTER UNENUM AND WRITE HEADER FOR FLARE 158
C"" NEW PAGE. FLARE 159

UNENUM = 3 FLARE 160
WRITE(LUOUT,1001) FLARE 161

ENDIF FLARE 162
ENDIF FLARE 163

1001 FORMATC( lTIME DIST. WEIGHT ALT. VCAS VTAS VTGS', FLARE 164
& 'ACCEL CL CD THETA ALPHA GAMMA DTHET', FLARE 165
& 'R/C LOAD THRUS7T XENG'J, FLARE 166
& '(SEC) (FEET) (LBS) (FEET) (KTS) (KTS) (KTS)', FLARE 167
& '(FPS2) (DEG) (DEG) (DEG) /DT , FLARE 168
& '(FPM) FACT (I.BS) OR MUi,) FLARE 169

1002 FORMAT(F6.1,F8.0,F9.0,F8.1,3F7.1,F72,F8.4,F7.4,4 1•2,F8.1, FLARE 170
& F62,F9.0,F7.3) FLARE 171

1003 FORMAT(F6.2,F8.C,F9.0,FB.1,3F7.1 ,F7.2,F8.4,F7.4,4F7.2,F8.1, FLARE 172
& F6?.,Fg.0,F7.3) FLARE 173

10 CONTINUE FLARE 174
GO TO 19 FLARE 175
END FLARE 176
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Subroutine ROLL

SUBROUTINE ROL(AP4A,)GDIST) ROLL.
C" THIS SUBRUINE CONTROLS THE EXECUTION OF THE GROUND ROLL OF THE ROLL 2
C"" LANDING MANEUVER OR THE DECELERATION PORTION OF A REFUSED TAKEOFF ROLL 3
C** MANEUVER. SUBROUTINE ROLL CALLS lNTX TO PERFORM THE NUMERICAL ROLL 4
C** INTEGRATION OF THE RESULTANTS OF THE EQUATIONS OF MOTION AND CALLS ROLL 5
C*tm' FORCEX TO OBTAIN THE FORCE COEFFICIENTS FOR THE EQUATIONS ROLL 6
C" OF MOTION. ROLL 7

C"*ROLL 8
DOUBLEPRECISION DTIME,DTIMEJ,TIME CTRL 1
PARAMETER (LUIN=,LUOUT=4) CTRL 2
COMMONICTR DTIME~DTIMEJ,ICOUNTJDEBUG,KENG,UNENUM,WMSG,NCOUNT, CTRL 3

& NEQNPAGEMTMEMTMEROL CTRL 4
COMMON(PJRCRFTI AOA3PTARB~CGPCT,cLALPH,OONFIG,DTDTMX,FLTGWT,HZ, AIRCRFT 1

& LOADING,SWINGTHTMAX,WNGLOOXLFMAX AIRCRFT 2
COMMONIAERO/ CXCY,DADTCMD,DCDXC)(DTDTGEX,FLAP,FLPPCT,QS, AERO 1

& SPDBRKSPOlLER,VKCAS,VKTAS AERO 2
COMMONIENGINEI AITAMCH,DTFAILEPR,FEFG,FGPCT,NENG,PWRCODE, ENGINE 1

& REVNDXRCTHRUSTVTANGLEWFELXENXENGFLD, ENGINE 2
& XENGOUTXIDLE,XMILZFN ENGINE 3

GOMMONINIRSPEDI VKABRKVKAPPVKBRAKEYKENDYVKFIL.VKFLAPVKFLPMX, AJRSPED 1
& VKMCG,VKROTAT,VKSTARTVKWIND,WvIND AIRSPED 2

COMMONIRUNWAW1 ABARGAOMABRKBRAKMU,BRKFCTR,GAMMARWV,GRW,HAGL, RUNWAY 1
& HCLEAR,HFLAREHGEAR,HRUNWVAYIMU,RCR,ROLLMU,TIMEFLD, RUNWAY 2
& TIMEBRK~TIMEFLPPTIMES8K71MESPLXMU RUNWAY 3

DOUBLEPRECISION VTAS, DISTACC4EL.VTAS,RKGRND INTEG 1
COMMONJINTEGJ VTAS,DISTACCELVTASJ,RKGRND(20) INTEG 2
COMMOWIATMOS/ TEMPR,PRESS,-. ZýA~FS,VISCOSI(DELTA,SIGMATHETADTE-MF F ATMOS 1
PARAMETER (ASL=ff1 .48,FPSKTS-1 .687806,G= 32.174, CONST 1

& RX=57.29577951306,TSLF=59.O,ZERO=0.O) CONST 2
COMMOt4JCONST/ ASLSQR5X#WOOVR7 CONSI 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG,REVRSER)TATE, FLAGS 2
& RTOR.AG,SBKFLAG,SPLFLA,SPOOLSTEADY,TERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITITR FLAGS 4

COMMONIFLAGS1 AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FNILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSEAY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRITIT FLAGS 8

CHARACTER ENGGRP3,FAiLGRP3,,FAiLOD5S,FAiLSi 4,MVR'3,MANUVR*6, CHARV 1
& THRCRV,TKOTYPE7 GHARV 2

COMMONIC1HARV/ ENGGRP,FAILGRP,FNILMOD,FAILSTMVR,MANUVR,THRCRV, CHARV 3
& TKOTYPE CHARV 4
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LOGICAL IDLE,IDLFLAG,INIRKI,INIRKJ,SPOOLFTHROTTL ROLL 20
REAL ATMARY(8),T(24) ROLL 21
EQUIVALENCE (TEMPRATMARY(1)),(VTAS,T(1)) ROLL 22
EXTERNAL DERIVGR ROLL 23
DATA AOAABRK, BRAPMU,IMU, RCR, TIMEBRKTIMEFLP,TIMEIDL, TIMEREV ROLL 24

& I 0.0, 0250, 0, 0.0, 3.0, 999., 3.0, 0.0/, ROLL 25
& TIMESBK TIMESPL VKABRK ROLL 26
& / 0.0, 0.0, 0.0/ ROLL 27

NAMEUST/ROIJBRAKMU,IMU,RCR ROLL 28
NAMEUST/ROL2/AOAABFKBRKFCTR,TIMEBRKTIMEFLP,TIMEIDLTIMEREV,TIMESPL, ROLL 29

& VKABRKVKBRAKE ROLL 30
C"" ROLL 31
C"" RESET SOME INPUT PARAMETERS FROM ANY PREVIOUS RUN (IF ANY). ROLL 32
a"" PARAMETERS NOT RESET HERE RETAIN THEIR VALUE FOR THE SUBSEQUENT ROLL 33
C"" RUN IF NOT EXPLICITLY DECLARED IN NAMELIST ROL AND ROL2. ROLL 34

BRKFCTR = 1.0 ROLL 35
VKBRAKE =999. ROLL 36

C"' ROLL 37
C"" INPUT DATA LOADED INTO ROLL THRU NAMELIST IROU AND /ROL2/. ROLL 38

READ(LUIN,ROL) ROLL 39
READ(LUIN,ROL2) ROLL 40

C"" ROLL 41
Ctm" INIALIZE CURVE RLES. ROLL 42

CALL INICURV ROLL 43
C"" ROLL 44
C'"' INITIALIZE LOAD FACTOR TO 1.0. ROLL 45

XLF = 1.0 ROLL 46
IF(.NOT.RTOFLAG) THEN ROLL 47

C"" LANDING ROLL 48
C"" ROLL 49
C"" INIALIZE RUNGE-KUTTA INTEGRATION FLAG. ROLL 50

INIRKI = .FALSE. ROLL 51
ICOUNT = ICOUNT- 1 ROLL 52

C"" ROLL 53
C'tm  INTALIZE ENGINE THROTTLING FLAGS AND VARIABLES. ROLL 54

IDLFLAG = .FALSE. ROLL 55
REVRSE =.FALSE. ROLL 56
IDLE = .TRUE. ROLL 57
THROTrL = .TRUE. ROLL 58
XENGEND = FLOAT(NENG)'XIDLE ROLL 59
v.ENGTRN = XENG ROLL 60
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ELSE ROLL 61
C"" REFUSED TAKEOFF ROLL 62 0
C"" ROLL 63

C"" INIALIZE RUNGE-KUTrA INTEGRATION FLAG. ROLL 64
INIRKI = .TRUE ROLL 65

C'" ROLL 66
C"" INITIALIZE ENGINE THROTTLING FLAGS AND VARIABLES. ROLL 67

IF (NENG.GT.1) THEN ROLL 68
IDLE =.FALSE. ROLL 69

ELSE ROLL 70
IDLE =.TRUE. ROLL 71

ENDIF ROLL 72
IDLFLAG =.TRUE. ROLL 73
REVRSE =.FALSE. ROLL 74
SPOOLF =.FALSE. ROLL 75
THROTTL = .TRUE. ROLL 76

C"" ROLL 77
C"" FOR THE FAILED ENGINE(S) ROLL 78

FENGTRN = XENGFLD ROLL 79
IF (FAILST.EQ.'IDLE) THEN ROLL 80

FENGEND = XIDLE ROLL 81
ELSEIF(FAILST.E.' MIL') THEN ROLL 82

FENGEND = XMIL ROLL 83
ELSEIF(FALST.EQ.' OFF') THEN ROLL 84

FENGEND = ZERO ROLL 85
ELSE ROLL 86

FENGEND = 1.0 -XENGFLD ROLL 87
ENDIF ROLL 88
IF (FAILMOD.EQ.'SEIZE') THEN ROLL 89

SPOOLF = .TRUE ROLL 90
XENG = XENGOUT ROLL 91
XENGF = FENGEND ROLL 93

ELSE ROLL 94
XENGF = 1.0 ROLL 95

ENDIF ROLL 96
C*" ROLL 97
C"" FOR THE REMAINING ENGINE(S) ROLL 98

RENGTRN = FLOAT(INT(XENGOUT)) ROLL 99
RENGEND = FLOAT(NENG - INT(XENGFLD))'XIDLE ROLL 100
XENGR = FLOAT(INT(XENGOUT)) ROLL 101
XENGTRN = XENGOUT ROLL 102
XENG = XENGF + XENGR ROLL 103

ENDIF ROLL 104
C"" ROLL 105
C*"'* INITIALIZE AERODYNAMIC VARIABLES. ROLL 106

CALL ATMOSPH(HRUNWAYATMARY) ROLL 107
CALL FORCEX(ALPHA,CD,CL, ROLL 108

C"'" ROLL 109
C"" RUNGE-KUTTA INTEGRATION OF GROUND ROLL ROLL 110

NED =2 ROLL 111
HAGL= ZERO ROLL 112
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C"* ROLL 113
C"" GROUND ROLL INTEGRATION LOOP ROLL 114

IF(ICOUNT.EO.1 1) ICOUNT = 1 ROLL 115
19 DO 10 NCOUNT=ICOUNT,10 ROLL 116

IF(.NOT.INIRKI) THEN ROLL 117
C" INITIALIZE INTEGRATION VARIABLES. ROLL 118

CALL IX(NEQTIMEDTIME,T,DERIVGRALPHA) ROLL 119
CALL INTG( DISTDISTJ,DTIME,O.0,VWIND,WFUEL, ROLL 120

DDIST,GDIST,GWT) ROLL 121
IF(DTIMEJ.EQ.0.0D0) THEN ROLL 122

C-" NO SHORT TIME INCREMENT IN THIS CALL TO ROLL ROLL 123
INIRKI = .TRUE. ROLL 124
INIRKJ= .FALSE ROLL 125

ELSE ROLL 126
C"" A SHORT TIME INCREMENT IN THIS CALL TO ROLL IS NEEDED ROLL 127
C** TO BRING THE ELAPSED TIME TO AN EVEN MULTIPLE OF DELTA ROLL 128
C-" TIME FOR THIS INTEGRATION STEP ONLY. ROLL 129

INIRKI = .TRUE. ROLL 130
INIRKJ= .TRUE. ROLL 131

ENDIF ROLL 132
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ELSE ROLL 133
IF(.NOT.(AOAOFLG)) THEN ROLL 13410

C** FOR AIRCRAFT NOT AT A THREE POINT ATTITUDE, SET THE ROLL 135
C" TARGET ANGLE OF ATTACK TO EITHER AOAMBRK OR AOA3PT ROLL 136

SDEGREES. ROLL 137
ALPHAJ = ALPHA ROLL 138
IF(AOMBRK.EQ.ZERO .OR. VKABRK.EQ.ZERO) THEN ROLL 139

ALIPHTGT = AOA3PT ROLL 140
ELSE ROLL 141

IF(VKCAS.GT.VKABRK) THEN ROLL 142
ALPHTGT = AOAABRK ROLL 143

ELSE ROLL 144
ALPHTGT = AOA3PT ROLL 145

ENDIF ROLL 146
ENDIF ROLL 147
DALPHA = ABS(ALPHTGT . ALPHA) ROLL 148
IF(DALPHA.GT.DADTCMD'FLOAT(DTIME)) THEN ROLL 149

C**" CHANGE ANGLE OF ATTACK UNTIL EQUAL TO ALPHTGT. ROLL 150
IF (ALPHA.LT.ALPHTGT) THEN ROLL 151

CALI PITCHCROLL ',ALPHA, DADTCMD,DTIME,DTDTGEX, ROLL 152
& LUOUT) ROLL 153

.4;L.F (ALPHA.GE.ALPHTGT) THEN ROLL 154
CALL PITCHCROLL ',ALPHA,-DADTCMD,DTIME,DTDTGEX, ROLL 155

& LUOUT) ROLL 156
ENDIF ROLL 157
DADT = (ALPHA- ALPHAJ)IFLOAT(DTIME) ROLL 158

ELSE ROLL 159,
C"*t  IF THE ANGLE OF ATTACK IS WITHIN ONE PITCH INCREMENT ROLL 160
C"" OF THE TARGET ANGLE OF ATTACK SET ALPHA EQUAL TO ROLL 161
C*"* ALPHTGT. ROLL 162

ALPHA = ALPHTGT ROLL 163
DADT = ZERO ROLL 164
DADTCMD = ZERO ROLL 165
IF(ALPHTGT.EQ.ZERO) AOAOFLG = .TRUE. ROLL 166

ENDIF ROLL 167
IF(QS'CY.GE.GVý 'COSD(GAMMARW)) THEN ROLL 168

C"" UFTOFF G".T.RIO;, MET. ROLL 169
UFTOFF =.TRUE. ROLL 170
UNENUM = UNENUM + 2 ROLL 171
XMU =ZERO ROLL 172
WRITE(LUOUT,1001) ALPHAVKCAS,ROLLMU ROLL 173

1001 FORMAT( - RUN-TIME ERROR. UFT GREATER THAN' ROLL 174
& 'WEIGHT DURING AEROBRAKING.'J, ROLL 175
& ' ALPHA =',F6.2,' CAS =',F7.1,' KNOTS', ROLL 176
& 'COEFFICIENT OF FRICTION = ',F6.3) ROLL 177

ELSE ROLL 178
UFTOFF = .FALSE. ROLL 179
XMU =ROLLMU ROLL 180

ENDIF ROLL 181
ENDIF ROLL 182
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TIMEROL = FLOAT(TIME) - TIMEFLD ROLL 183
IF(.NOT.(BRKFLAG) AND. ROLL 184

& (VKCAS.LT.VKBRAKE .AND. TIMEROLGE.TIMEBRK)) THEN ROLL 185
C***" BRAKE APPUCATION ROLL 186

BRKFLAG = .TRUE. ROLL 187
BRKENGY = 0.5*(GWTIG)VTAS2 ROLL 188
XMU = BRAKMU ROLL 189
UNENUM = UNENUM + 1 ROLL 190
WRITE(LUOUT,1002) TIMEGDIST,BRAKMU,VKCAS,VKTAS ROLL 191

1002 FORMAT(' BRAKE APPUCATION (TIME = ',F6.2, ROLL 192
& ' DIST = ,F8.1,' BRAKING COEFFICIENT = ROLL 193
& F6.3,' CAS =',F7.1,'KNOTS TAS=g ROLL 194
& F7.1,' KNOTS)) ROLL 195

ENDIF ROLL 196
IF(RTOFLAG) THEN ROLL 197

C**" FAILED ENGINE TRANSIENT ROLL 198
IF (DTFAILEQ.ZERO AND. (.NOT.SPOOLF)) THEN ROLL 199

CALL SPOOLDNF(TIME,FENGEND,FENGTRN,SPOOLF,XENGF,LUMSG) ROLL 200
C**** ROLL 201
C**" SUM ENGINE MULTIPUCATIVE FACTORS. ROLL 202

XENG = XENGF + XENGR ROLL 203
ELSEIF (DTFAILNE.ZERO .AND. (.NOT.SPOOLF)) THEN ROLL 204

XENGF = FENGTRN - (FENGTRN - FENGEND)*TMEROL/DTFAIL ROLL 205
C**" ROLL 206
Ct*** SUM ENGINE MULTIPUCATIVE FACTORS. ROLL 207

XENG = XENGF + XENGR ROLL 208
IF(XENGF.LE.FENGEND) THEN ROLL 209

SPOOLF = .TRUE. ROLL 210
XtNGF = FENGEND ROLL 211

ENDIF ROLL 212
ENDIF ROLL 213

ELSE ROLL 214
XENGF = ZERO ROLL 215

ENr)IF ROLL 216
IF((NCOUNT.EQ.10.OR.STEADY) .AND. ROLL 217

& (JDEBUG.EQ.6666.OR.JDEBUG.EQ.9999)) THEN ROLL 218
UNENUM = UNENUM + 2 ROLL 219
WRITE(LUMSG,6666) THROTTLIDLFLAG,SPOOLF,IDLE, ROLL 220

& XENGFXENGRXENG ROLL 221
6666 FORMAT( THRO1TL IDLFLAG, SPOOLF, IDLE, XENGF,XENGR,XENG =', ROLL 222

& /, 2L8, L7, L5, 3F10.3) ROLL 223
ENDIF ROLL 224
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IF(THROTrL) THEN ROLL 225
IF ((IDLFLAG). AND. TIMEROL.GE.TIMEIDL) THEN ROLL 22680

C'- RETARD THROTTLE TO IDLE. ROLL 227
IF(XENGFLD.NE.1.0 AND. (.NOT. SPOOLF)) THEN ROLL 228

C**" FOR PART POWER ENGINE FAILURES MOVE THE REMAINING ROLL 229
C**" XENGF COMPONENT TO XENGR AND RESET XENGF TO ZERO. ROLL 230

SPOOLF = .TRUE. ROLL 231
XENGR = XENGF + XENGR ROLL 232
XENGF = ZERO ROLL 233
IF(DTFAILNE.O.0) THEN ROLL 234

RENGTRN = XENGOUT ROLL 235
ELSE ROLL 236

RENGTRN = (RENGENUYTIMEROL - XENGR'DTFAIL)/ ROLL 237
& (TIMEROL - DTFAIL) ROLL 238

ENDIF ROLL 239
ENDIF ROLL 240
IF (DTFAILEO.ZERO .AND. (.NOT. IDLE)) THEN ROLL 241

CALL SPOOLDNR(TIME,RENGEND,RENGTRN,IDLE,XENGPý ROLL 242
& LUMSG) ROLL 243

C*"* ROLL 244
C**** SUM ENGINE MULTIPUCATIVE FACTORS. ROLL 245

XENG = XENGF + XENGR ROLL 246
ELSEIF (DTFAILNE.ZERO .AND. (.NOT.IDLE)) THEN ROLL 247

XENGR = RENGTRN - (RENGI RN- RENGEND)* ROLL 248
& TIMEROL/DTFAIL ROLL 249

IF(XENGR.LE.RENGEND) THEN ROLL 250
IDLE = .TRUE. ROLL 251
XENGR = RENGEND ROLL 2520

ENDIF ROLL 253
C"" ROLL 254
C**" SUM ENGINE MULTIPUCATIVE FACTORS. ROLL 255

XENG = XENGF + XENGR ROLL 256
ELSE ROLL 257

IDLFLAG = .FALSE. ROLL 258
ENGGRP = 'AEI' ROLL 259
IF ((.NOT.REVFLAG) .AND. (.NOT.RTOFLAG)) THEN ROLL 260

XENG = FLOAT(NENG) ROLL 261
ELSEIF(.NOT.REVFLAG) THEN ROLL 262

IF(FAILST.EQ.'IDLE ') THEN ROLL 263
XENG = FLOAT(NENG) ROLL 264

ELSE ROLL 265
X-NG = FLOAT(NENG - INT(XENGFLD)) ROLL 736

ENDIF ROLL 267
ENDIF ROLL 268

ENDIF ROLL 269
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ELSEIF((REVFLAG) . AND. TIMEROL .GE.TIMEREV)THEN ROLL 270
C***0 ADVANCE THROiTLE FOR REVERSE THRUST. ROLL 271

IF(.NOT. REVRSE) THEN ROLL 272
IF(.NOT. RTOFLAG) ENGGRP = 'AER' ROLL 273
CALL SPOOLUP(REVNDX,TIME,O.0,XENGTRN,REVHSE,XENGR) ROLL 274

Ct '* ROLL 275
C"" SUM ENGINE MULTIPUCATIVE FACTORS. ROLL 276

XENG = XENGF + XENGR ROLL 277
ELSE ROLL 278

REVFLAG = .FALSE. ROLL 279
ENDIF ROLL 280

ELSE IF((.NOT.IDLFLAG) .AND. (.NOT.REVFLAG)) THEN ROLL 281
THROTTL = .FALSE. ROLL 282

ENDIF ROLL 283
ENDIF ROLL 284

C"'' ROLL 285
C*" OBTAIN FORCE COEFFICIENTS, CX AND CY. ROLL 286

CALL FORCEX(ALPHA,CD,CL, ROLL 287
C* ROLL 288
C*" MAKE INTEGRATION STEP. ROLL 289

CALL INTZ(NEQ,TIME,DTIME,T,DERIVGRALPHA) ROLL 290
CALL INTG( DIST,RKGRND(14),DTIME,,.O.VWIND,WFUEL, ROLL 291

DDIST,GDIST,GWT) ROt 292
CALL SPEED(0.0,VTAS,VWIND,A•ACH,QS,VKCAS,VKEAS,V r, 4.S,VKTGS, ROLL 293

VTGS) ROLL 294
ACLSUM = ACLSUM + ACCEL ROLL 295
BRKENGY = BRKENGY ROLL 296

& + (THRUST - CD*QS - GWT*ROLLMU*COS(GRW))*'DDIST ROLL 297
IF(INIRKJ) THEN ROLL 298

C"" A SHORT TIME INCREMENT IN THIS CALL TO ROLL WAS NEEDED ROLL 299
C"" TO BRING THE ELAPSED TIME TO AN EVEN MULTIPLE OF DELTA ROLL 300
C** TIME FOR THIS INTEGRATION STEP ONLY; RESET DTIME TO THE ROLL 301
C"" ORIGINAL VALUE, DTIMEJ. SET DTIMEJ TO ZERO SO THE ROLL 302
C"* FLAGS INIRKI AND INIRKJ WILL BE RESET TO PROPER VALUES. ROLL 303

INIRKI = .FALSE. ROLL 304
DTIME = DTIMEJ ROLL 305
DTIMEJ = DBLE(ZEPO) ROLL 306

ENDIF ROLL 307

0
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IF (T1MEROLGT.90.0) THEN ROLL 308
C**** LIMIT ON GROUND ROLL OF SIXTY SECONDs. ROLL 309 0

WRITE(LUOUT,1003) BRAKMU,BRKFCTR,IMU ROLL 310W
1003 FORMAT('*- FAILED IN SUBROUTINE ROLL.-), ROLL 311

& 'BRAKMU =',F6.3,' BRKFCTR =',F6.3,' IMU =', ROLL 312
& 13) ROLL 313

RETURN ROLL 314
ELSEIF(VKTGS.LT. 1.0) THEN ROLL 315

C*** WITH GROUND SPEED LESS THAN 1.0 FPS, ASSUME GROUND ROLL ROLL 316
C*". ENDS AT THE CURRENT DISTANCE BUT AN ADDITIONAL 0.2 ROLL 317
C"°* SECONDS. WRITE FINAL OUTPUT. ROLL 318

TIME = TIME + 0.2D0 ROLL 319
IF(DTIME.GE.0.10D0) THEN ROLL 320

WR!TE(LUOUT,1006) TIME,GDIST,GWT,ZERO,ZERO,ZERO,ZERO, ROLL 321
& ACCELCLCD,ZERO,ALPHA,ZERO,ZERO, ROLL 322
& ZERO,XLF,THRUST,XMU ROLL 323

ELSE ROLL 324
WRITE(LUOUT,1007)TIMEGDIST,GWT,ZERO,ZERO,ZERO,ZERO, ROLL 325

& ACCELCLCD,ZERO Al WHA,ZErAO,ZERO, ROLL 326
& ZERO,XLF,THRUST,XMU ROLL 327

ENDIF ROLL 328
C**' ROLL 329
C*" CALCULATE AVERAGE DECELERATIONS ABAR AND ABARG FOR ROLL 330
C"... RUNGE-KUTrA INTEGRATION OF GROUND ROLL. ROLL 331

ABAR = -ACLSUM/FLOAT(TIMEIDTIME) ROLL 332
ABARG = ABARIG ROLL 333
WRITE(LUOUT,1004) BRAKMU,BRKFCTR,IMU,BRKENGY ROLL 334

1004 FORMAT(' BRAKMU =',F6.3,' BRKFCTR =',F6.3,' IMU =, ROLL 3350
& 13,' BRAKE ENERGY ='l PE12.5E2,' FOOT-POUNDS') ROLL 336

RETURN ROLL 337
ELSEIF(NCOUNT.EO.10) THEN ROLL 338

C**** CALCULATE ADDITIONAL OUTPUT PARAMETERS. ROLL 339
THETAF = ALPHA ROLL 340
IF(UNENUM.GE.NPAGE) THEN ROLL 341

C"" RESET LINE NUMBER COUNTER LINENUM AND WRITE HEADER ROLL 342
C"* FOR NEW PAGE. ROLL 343

UNENUM = 4 ROLL 344
WRITE(LUOUT,1005) ROLL 345

ENDIF ROLL 346
ENDIF ROLL 347

ENDIF ROLL 348
10 CONTINUE ROLL 349
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C"*" ROLL 350
C*" WRITE OUTPUT AND INCREMENT UNE NUMBER COUNTER UNENUM. RLl. 351

IF(DTIME.GE.0.10D0) THEN ROLL 352
WRITE(LUOUT,1006) TIME,GDIST,GWT,ZERO,VKCAS,VKTAS,VKTGS,ACCEL, ROLL 353

& CLCD,THETAFALPHAZERO,DADTZERO,XLF,THRUST, ROLL 354
& XMU ROLL 355

ELSE ROLL 356
WRITE(LUOUT,1007) TIME,GDIST,GWT,ZERO,VKCASVKTAS,VKTGSACCEL, ROLL 357

& CLCDTHETAFALPHAZERODADT,ZEROXLF,THRUST, ROLL 358
& XMU ROLL 359

ENDIF ROLL 360
UNENUM = LINENUM + 1 ROLL 361

C** RESET INTEGRATION LOOP COUNTER ICOUNT TO 1 AND RESTART ROLL 362
C"" THE GROUND ROLL INTEGRATION LOOP. ROLL 363

ICOUNT = 1 ROLL 364
GO TO 19 ROLL 365

1005 FORMAT(1I GROUND ROLL CONTINUED'), ROLL 366
& TIME DIST. WEIGHT ALT. VCAS VTAS VTGS', ROLL 367
& ACCEL CL CD THETA ALPHA GAMMA DTHET, ROLL 368
& R/C LOAD THRUST XENG'J, ROLL 369
& '(SEC) (FEET) (LBS) (FEE') (KTS) (KTS) (KTS)', ROLL 370
& -(FPS2) (DEG) (DEG) (DFG) /DT, ROLL 371
& '(FPM) FACT (LBS) OR MU',) ROLL 372

1006 FORMAT( F6.1,F8.0,F9.0,F8.1,3F7.1,F7.2,F8.4,F7.4,4F7.2,F8.1,F6.2, ROLL 373
& F9.0,F7.3) ROLL 374

1007 FORMAT( F6.2,F8.0,F9.0,F8.1,3F7.1,F7.2,F8.4,F7.4,4F7.2,F8.1,F6.2, ROLL 375
& F9.0,F7.3) ROLL 376

END ROLL 377

0
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Subrouatine INTX

SUBROUTINE INTX(NEQTIME,D11MET,DERIV,ALPHA) INTX 1
C"*" THIS SUBROUTINE PERFORMS NUMERICAL INTEGRATION USING A FOURrrl INTX 2
C'." ORDER RUNGE-KUrrA SCHEME WITH THE ADAMS-BASHFORTH-MOULTON INTX 3
C"" PREDICTOR-CORRECTOR METHOD. INTX 4
C*"" INTX 5
C"' REFERENCE: MORRIS, JOHN LL INTX 6
C**" COMPUTATIONAL METHODS IN ELEMENTARY NUMERICAL ANALYSIS [INX 7
C*"" COPYRIGHT 1983 BY JOHN WVILEY AND SONS LTD. INTX 8
C".* LIBRARY OF CONGRESS CATALOG QA297.M647 519.4 INTX 9
C*"" ISBNO471 104191 INTX 10
C"*" PP 38897 INTX 11
C"*" INTX 12

DOUBLE PRECISION DTIME,DTIME24,HI(,HK2.,HK4,RKU1TA(4),T(1),TIME INTX 13
INTEGER N(1 1) INTX 14
DO 10I62,11 INTX 15

10 N(I) = NEWI INTX 16
NCOUNT = N(6) INTX 17
DTIME24 = DTIME/24.0D0 INTX 18
CALL DERIV(ALPI-A) INTX 19
DO 20 I=1,N(2) INTX 20

20 T(I+N(4)) = T(I) INIX 21
RETURN INTX 22
ENTRY IN1Z(NEQ,11ME,DTIME,TDERIVALPHA) INTZ 1
IF ( NCOUNT.LE.N(l 0)) THEN INTZ 2

RKUTTA(l) = RKUJTrA(2) = TIME +t DTIME*O.5D0 %NTZ 3
RKUTTA(3) = RKU1TA(4) = TIME + DTIME INTZ 4
DO 40 J-1,4 INTZ 5

TIME = RKUTTA(J) INT7 6
DO 30 I=1,NEO INTZ 7

HK2 = DTlME*T(I+NEQ) INTZ 8
HK = 0.5D0'HK2 INTZ 9
HK4= 2.ODO*HK2 INTZ 10
IF (J.EQ.1) THEN INTZ 11

T(I+N(2)) = T(I) INTZ 12
T(I+N(3)) = HK2 INTZ 13
T(I) = TQI+N(2)) + HK INTZ 14

ELSEIF (J.EQ.2) THEN INTZ 15
TOI) = TQI+N(2)) + HK INTZ 16
T(I+N(3)) = T(I+N(3)) + HK4 INTZ 17

ELSEIF (J.EQ.3) THEN INTZ 18
T(I) = T(I+N(2)) + HK2 INTZ 19
T(I+N(3)) = T(I+N(3)) + HK4 INTZ 20

ELSEIF (J.EO.4) THEN INTZ 21
T(I) =T(I+N(2)) + (T(Ii.N(3)) + HK2)/6.ODO INTZ 22

ENDIF INTZ 23
30 CONTINUE INTZ 24

CALL DERIV(ALPHA) INTZ 25
40 CONTINUE INTZ 26

DO 50 1=1,N(2) INTZ 27
50 T(I4ICOUNT) = TO) INTZ 28 0NCOUNT = NCOUNT + N(2) INTZ 29W

B-66 Source Code Listing Appendix B



ELSE INTZ 30
DO060 I=1,NEO INTZ 31

T(k.N(3)) = 1 O.0001T(k.N(1 1)) - 5.ODO0T(I+N(9)) + T(I+NM7) INTZ 32
60 T(I) = T(k.N(1 0)) + DTIME24*(55.ODO¶TI+N(1 1)) INTZ 33
& .59.ODr*T(I+N(9)) + 37.000'T(I+N(7) INTZ 34
& -9.000'T(I+N(5))) INTZ 35

TIME = TIME + DTIME INTZ 36
CALL DERIV(ALPH) INTZ 37
DO 70 Iu1,NEQ INTZ 38

T(I+N(2)) = T(I) INTZ 39
70 T(I) z T(14Nl( 0)) INTZ 40
& + DTIME24*(9.ODO'T(k+NEQ) + T(I+N(3))) INTZ 41

CALL DERIV(ALPHA) INTZ 42
DO080 I=1I,N(8) INTZ 43

80 T(I+N(4)) = T(I+N(6)) INTZ 44
00 90 Iu1,N(2) INTZ 45

90 T(I+N(10)) = T(I) INTZ 46
ENDIF INTZ 47
RETURN INTZ 48
END INTZ 49
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Subroutine NT

SUBROUTINE INTG(DISTDISTJ,DTIME,GAMMAR,VWINDWFUELDDISTGDIST,GWT) INTG 1

C"" THIS SUBROUTINE CALCULATES INCREMENTAL GROUND DISTANCE, DDIST; INTG 2
C" TOTAL GROUND DISTANCE, GDIST; AND GROSS WEIGHT, GWT, USING FINITE INTG 3
C"* DIFFERENCE INTEGRATION EOUATIONS. INTG 4
C*" * INTG 5

DOUBLE P' 2ISION DTIME INTG 6
D0IST = (DIST - DISTJ)'COS(GAMMAR) - VWIND*FLOAT(DTIME) INTG 7

GDIST = GDIST + DDIST INTG 8
GWT = GWT - (WFUELI3600.)'FLOAT(DTIME) INTG 9
RETURN INTG 10
END INTG 11
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Subroutinec DERIVGR

SUBOUTINE DERIVGR(N.PHA) DERIVGR 1
C"* THIS SUBROUTINE DERIVGR CALCULATES THE ACCELERATION, ACCEL, FOR DERIVGR 2
C"" THE GROUND ROLL OF A TAKEOF, LANDING OR REFUSED TAKEOFF. DERIVGR 3

C"DERIVGR 4
DOUBLEPRECISIO#J DTIME,DTIMEJ.TIME CTL 1
PARAMETER (LUIN=3,LUIOUT=-4) CTRL 2
COMMONKCTRU DTIMEDTIMEJ,IONTJDEBUG,KENG,UNENUM,LUMSG,NCO~ikT, CTRL 3

& NEQNPAGETIMETIMEROL CTRL 4
GOMMONIAJRCRFTI AOA3PTAR,B,GGPCTGLALPH,CONFIG,DTDTMX,FLT,GWTHZ, AJRCRFT 1

& LOADING, WINGTHTMAX,WNGLOODXYMAX AIRCRFT 2
COMMONIAERO/ CXMcYDADTCMD,DCDXSDCLX,DTDTGR)FLAP,FLPPCTQS, AERO 1

& SPDBRK,SPOILER,VKCAS,VKTAS AERO 2
COMMON/NIRSPED/ VWABRr-VKAPPVKBRAKE,VKEND,VKFML.VKFLAP,VKFLPMX, AIRSPED 1

& VKMCGVKROTAT,VKSTARTVKWIND,VWIqND AIRSPED 2
COMMON/RUNWAW1 ABARGAOMABRKBRAKMU,BRKFCTRGAMMARW,GRWV,HAGL, RUNWAY 1

& HCLEAR,HFLAREHGEAR,HRUNWAY,IMU,RCR,ROLLMU,TIMEFLD, RUNWAY 2
& TIMEBRKT1MEFLPJMESBKTIMESPL,)MU RUNWAY 3

DOUBLEPRECISION VTAS,DISTACCELVTASJ,RKGRND INTEG 1
COMMONIJNTEGI VTAS,DIST.ACCELVTASJ,RKGRND(20) INTEG 2
PARAMETER (ASLm661 .48,FPSKTS=1 .687806,G= 32.174, CONST 1

& RX=57.29577951308,TSLF=59.O,ZERO=0.O) CONST 2
COMMONJCONST/ ASLSORS,TWOOVR7 CONST 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FANLFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFOVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADYTERMFLGVECTFLG, FLAGS 3
& VFFLAGWRmTTR FLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FNILFLG,FLAPFLG, FLAGS 5
& FPCTFLG,GEFLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSEROTATE,RTOFLAG,SBKFLAG,SPLFLAG,SPOOLISTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAG,WRITIT FLAGS 8

REAL LODMAINLODNOSE DERIVGR 13
DATA ITR9 DERIVGR 14

C"DERIVGR 15
C" OBTAIN FORCE COEFFICIENTS CX AND CY. DERIVGR 16

CALL FORCEX(ALPH-A~CDICL) DERIVGR 17
Iff(BRK(FLAG AND. IMU.NEO0) THEN DERIVGR 18

TIMEB z T1MEFLD + TIMEBRK DERIVGR 19
IFtFLOAT(TIME).GE.TIMEB) THEN DERIVGR 20

VICTGS = (VTAS - VWIND)JFPSKTS DERIVGR 21
C"DERIVGR 22

C"CALCULATE WEIGHT MINUS LIFT. DERIVGR 23
WTML = GWrCOS(GRW) - CYQS DERIVOR 24
CALL GENMU(VI~rGSWTML.MNNOSEYCG) DERIVGR 25
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DO 10 I=1,ITER DERIVGR 26
LODMAIN = ((GWT'(ACCEL/u + SIN(GRW)) + CrQs)YvCG DERIVGR 271& + WTML*XNOSEY(MMN + XNOSE) DERIVGR 28
LOONOSE = WTML - LODMAIN DERIVGR 29
FEX = -(GWP*SIN(GRW) + CX*QS DERIVOR 30

& + BRAKMU*LOOMAIN - ROLLMU*LODNOSE) DERIVGR 31
ACCEL = FEX'(GIGWT) DERIVGR 32
;F(Ab-3 1AC1 .a-ACG-ELJ).GE.0.01) THEN DE-iuv Ut 33

ACCELJ = ACCEL DERIVGR 34
ELSE DERIVGR 35

VTASJ =VTAS DERrIVGR 36
RETURN DERIVGR 37

ENDIF DERIVGR 48
10 CONTINUE DERIVGR 49

WRrIE(LUOUT,lool) ACCELACCELJ,LODMAIN,LODNOSE DERIVGR 40
1001 FORMAT(* -UABLE TO CONVERGE ON SOLUTION FOR EQUATION', DERIVGR 41

& 'OF MOTION WITH NOSE AND MAIN GEAR FORCES', DERIVGR 42
& 'RESOLVED. ACCELACCELI,LOOMAJN,LODNOSE =,DERIVGR 43
& 2F10.20210.O,-' DERIVOR 44

RETURN DERIVGR 45
ENDIF DERIVGR 46

ENDIF DERIVGR 47
C**DERIVGR 48

C-' CALCULATE GROUND ROLL ACCELERATION (FTISEC-2), ACCEL DERIVGR 49
FEX = -(GWT*(SIN(GRW) + XMU'COS(GRW)) + QS'(CY*XMU-CX)) DERIVGR 50
ACCEL = FEX'(GIGWT) DERIVGR 51
VTASJ =VWAS DERIVGR 52RETURN DERIVGR 53.
END DERIVGR 5
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Subroutine DERIVAT

SUBRO)UTINE DERIVAT(ALPtIA) DERI VAT 1
C-" THIS SUBROUTINE CALCULATES THE TIME DERIVATIVES FOR THE AIRBORNE DERI VAT 2
C" PORTION OF THE TAKEOFF AND MANAGES THE FUIGHTPATh CONTROL DERI VAT 3
C-" DERI VAT 4

COQMMON/AIRCRFTI A C 1 T, Afl C'~I T. C miy-n iiy ryPT'r,-%j Z,
& LOADING,SWINGTHTMAXWNGLODXFMAX AIRCRFT 2

COMMOWAERO/ CYCYDADTCMD,DCDXDCLX~DTTGEXFLAP,FLPPCT,QS, AERO 1
& SPDBRKSPOLERVKCASVKTAS AERO 2

COMMOWAIRSORN/ ALPHA.JALP&MXTT,GAMMAPP,ROCFPMThETAF,)U.FXLFJ AIRBORN 1
DOtJBLEPRECISION FPVTASGAMMAR,FPDISTPRESALT,FPACCELDGDTR,VHAS, FPINTEG 1

& ROCRKAIR FPINTEG 2
COMMONIFPINTEG/ FPVTAS,GAMMAR,FPDISTPRESALTFPAGCELDGDTRVHAS, FPINTEG 3

& ROC,RKAIR(40) FPINTEG 4
PARAMETER (ASLOmi .48,FPSKTS=1 .667806,6= 32.174, CONST 1

& RX=57.29577951306,TSLF'r59.0,ZERO=0.O) CONST 2
COMMONJCONST/ ASLSQR5,1WOOVR7 CONST 3
LOGICAL AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,RLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSEROTATE, FLAGS 2
& R(TORAG,SBKFLA,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFRLAGWRmTfR FLAGS 4

COMMONIRLAGS1 AOAOFLG,BRKFLAG,CLRHGTERRFLAG,FAJLFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFL,LGRFLAG,UFTOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATEFRTOFLAG,SBKFLA,SPLFLAG,SPOOLSTEADY, FLAGS 7
& .TERMFLG,VECTFLG,VFFLAG,WRITITR FLAGS 8

DATA DALPHA10.05/ DERIVAT 13
ALPHMX -ThTMAX DERIVAT 14
ITER z INT((ALPHMX + 2.O)IDALPHA) DERI VAT 15
DO 20 I=1,rTER DERIVAT 16

C-" DERIVAT 17
C-" OBTAIN FORCE COEFFICIENTS CX AND CY. DERI VAT 18

CALL FORCEX(ALPHA~CD,CL) DERI VAT 19
C-" DERI VAT 20
C-" CALCULATE LOAD FACTOR. DERI VAT 21

XLF - (OS*CYYWT + (1.0 - COS(GAMMAR)) DERI VAT 22
C-" DERIVAT 23
C- CHECK FUSEL.AGE ANGLE. IF THE FUSELAGE ANGLE IS GREATER THAN DERIVAT 24
C-" THE MAXIMUM FUSELAGE ANGLE, REDUCE ANGLE OF ATTACK DERI VAT 25

THETAF z ALPHA + GAMMAR*RX DERIVAT 26
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IF(THETAF.GT.THTMAX) THEN DERI VAT 27
ALPHA a THTMAX - GAMMAR*RX DERI VAT 28

ELSE DERIVAT 2
C't " CHECK FUIGHTPATH ACCELERATION. IF THE ACCELERATION IS DERI VAT 30
C"" LESS THAN ZERO, REDUCE ANGLE OF ATTACK. DERI VAT 31

FPACCEL = (GIGWr)'(-CX*QS - GWrPSIN(GAMMAR)) DER! VAT 32
IF(FPACCELLTZERO) THEN DERI VAT 33

ALPHA = ALPHA - DALPHA DERI VAT 34
IF(CLLT.O.000) THEN DERI VAT 35

WRITE(LUOtJT,1001) FPACCELTHTMA DERIVAT 36
1001 FORMATC -' UNABLE TO MAINTAIN FUIGHTPATH', DERIVAT 37

& 'ACCELERATION GREATER THAN OR EQUAL Ta, DERI VAT 38
& 'ZERO. FPACCELTHTMAX=',F1O.3,F1O.1.' "" DERIVAT 39

ERRRIAG =TRUE DERI VAT 40
RETURN DERI VAT 41

ENDIF DERI VAT 42
ELSE DERIVAT 43

C"" CALCULATE DGAMMAJDT, HORIZONTAL SPEED AND RATE OF DERI VAT 44
Ctm' CLIMB, DGDTR, WHAS AND ROC. DERl VAT 45

DGDTR - (G/(GWT'FPVTAS))'(CY'OS - GWT'COS(GAMMAR)) DERI VAT 46
WHAS = FPVTAS'COS(GAMMAR) DERI VAT 47
ROC = FPVTAS'SIN(GAMMAR) DERI VAT 48
RETURN DERI VAT 49

ENDIF DERNVAT 50
ENDIF DERI VAT 51

20 CONTINUE DERIVAT 52
END DERI VAT 530
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Subroutine DERIVAL

SUBROUTINE DERIVAL(ALPHA) DERIVAL 1
C" THIS SUBROUTINE CALCULATES THE TIME DERIVATIVES FOR THE AIRBORNE DERIVAL 2
C" PORTION OF THE LANDING AND MANAGES THE FUIGHTPATH CONTROL DERIVAL 3

C"DERIVAL 4
DOUBLEPRECISION DTIMEDTIMEJTIME CTRL 1
PARAMETER (LIJN=3,LUIOUT=4) CTRL 2
COMMONACTRLI DTIMEDTIMEJ,IcONTJDEBUG,KENG,UNENUM,WMSG,NCOUiNT, CTRL 3

& NEQ,NPAGETIMET*MEROL CTRL 4
COMMONIJAIRCRFT/ AOA3PTAR,B~CGPCT~CLALPH,CONFIG,DTDTMX,FLTGWT,HZ. AIRCRFT 1

& LOADING,SWINGTHTMAXWNGLOOXLAA AIRCRFT 2
COMMOWAEROt GCDADTCMDSDCDXDCLDTDTGEY.,FLAPFLPPCT,QS, AERO 1

& SPDORK~SPOILER,VKCAS,VI(TAS AERO 2
COMMONJAIRBOR ALPHAJAL"PHMThT,GAMMAPP,ROCFPMTHETAFXLFXLFJ AIRBORN 1
DOU9LEPRECISION FPVISGAMMAR,FPOISTPRESALT,FPAGCELDGDTR,VHAS, FPINTEG 1

& ROC,RKAIR FPINTEG 2
COMMONIFPINTEGI FPVTASGAUMARPDISTPRESALTFPAGCELIDGDTR,VHAS, FPINTEG 3

& ROCRKAIR(40) FPINTEG 4
PARAMETER (ASLx66IA8,FPSKTS=1.687806,G- 32.174, CONST 1

& RX=567.29571308,TSLF=58.0,ZEROzO.0) CONST 2
COMMOWACONST/ ASLSQ5T WOO VR7 CONST 3
LOGICAL AOAOFLG,BRIFA,CLRHGTERRR.AG.FALFLG,R.APFLG,FPCTFLG, FLAGS 1

& GERLAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& RTOFLAG,SSKRLAG,SPLRLAG,SPOOI.STEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITlTR FLAGG 4

COMMONI4IAGS/ AG.BRFLG.RFAGCLRiGTERRFLAG,FMILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEAG,LGRFLAG,UFTOFFOVERFLG,REVFLAG, FLAGS 6
& REVRSEROTATEýRTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLGVECTFLGVFFLAWRMTR FLAGS 8

DATA DM.PHAD.05t DERWVAL 12
TIER - INT(2.0*ALPHMYJDALPHA) DERI VAL 13
DO 30 Iz1,ITERl DERIVAL 14

C"DERIVAL 15
C" LIMT ALPHA TO ALPHMX DERI VAL 16

IF(ALPHA.GT*LPHMX) ALPHA = ALPHMX DERIVAL 17
C" DERIVAL 18
C"" OBTAIN FORCE COEFFICIENTS CX AND CV. DERIVAL 19

CALL FORCEX((ALPHACD,CL) DERIVAL 20
C"DERIVAL 21

C" CHECK LOAD FACTOR IF LOAD FACTOR IS GREATER THAN THE DERIVAL 22
C"" MAXIMUM LOAD FACTOR, REDUCE ANGLE OF ATTACK DERIVAL 23

=L (QS*CYYGWT + (1.0 - COS(GAMMAR)) DERIVAL 24
"IF(LF.GT.XLFMA)() THEN DERI VAL 25

ALPHA a ALPHA - DALPHA DERI VAL 26
IF(ALPHALT.,ALPIMX THEN DERI VAL 27

ERRFLAG -. TRUE. DERI VAL 28
WRITE(LUOUT,1002) DERI VAt 29

1002 FR"WAMT( ERROR IN DERIVAL. ALPHA IS LESS THAN', DERI VAL 30
& 'ALPHMX AND XLF IS GREATER THAN XLFMAX. DERIVAL 31

RETURN DERI VAL 32
ENDIF DERIVAL 33
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ELSE DERIVAL 34
C""' CALCULATE TIME RATE OF CHANGE OF FUIGHTPATH ANGLE DGDTR AND DERIVAL 354
C*"" THE PITCH RATE DTDT. IF DTHETA/DT IS GREATER THAN THE DERIVAL 36W
C"" MAXIMUM, DTDTMX, REDUCE ANGLE OF ATTACK. DERIVAL 37

DGDTR = (GI(GWT'FPVTAS))'(CY'QS - GWT-COS(GAMMAR)) DERIVAL 38
DADT = (ALPHA - ALPHAIJ)FLOAT(DTIME) DERIVAL 39
DTDT = DGDTR'RX +DADT DERIVAL 40
IF(DTDT.GT.DTDTMX) THEN DERIVAL 41

ALPHA = ALPHA - DALPHA DERIVAL 42
IF(ALPHA LT.-ALPHMX) THEN DERIVAL 43

ERRFLAG = .TRUE. DERIVAL 44
WRITE(LUOUT,1003) DERIVAL 45

1003 FORMATC - ERROR IN DERIVAL ALPHA IS LESS THAN', DERIVAL 46
& ' -ALPHMX AND DTDT IS GREATER THAN DTDTMX.', DERIVAL 47
& #' DERIVAL 48

RETURN DERIVAL 49
ENDIF DERIVAL 50

ELSE DERIVAL 51
C"" CALCULATE ACCELERATION ALONG FUIGHTPATH AND VELOCITY DERIVAL 52
C&"" COMPONENTS. DERIVAL 53

FPACCEL = (G/G WTy'(-CX'QS - GWT'SIN(GAMMAR)) DERIVAL 54
WHAS = FPVTAS-COS(GAMMAR) DERIVAL 55
ROC = FPVTAS*SIN(GAMMAR) DERIVAL 56
RETURN DERIVAL 57

ENDIF DERIVAL 58
ENDIF DERIVAL 59

30 CONTINUE DERIVAL 600END DERIVAL 61
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Subroutine ERROR

SUBROUTINE ERROR(LUOUT,ROCFPM) ERROR 1
C" THIS SUBROUTINE IS CALLED DURING A TAKEOFF SIMULATION WHEN THE ERROR 2
C*" FLAG ERRFLAG IS SET TO .TRUE. PROGRAM EXECUTION IS TERMINATED FOR ERROR 3
C" THE PRESENT SET OF NAMEUST INPUTS AND WILL CONTINUE IF ADDITIONAL ERROR 4
C**" NAMELIST INPUTS ARE TO BE PROCESSED. ERROR 5
C*"" ERROR 6

IF(ROCFPM.LE.0.0) THEN ERROR 7
WRITE(LUOUT,1001) ERROR 8

ELSE ERROR 9
WRITE(LUOUT,1002) ERROR 10

ENDIF ERROR 11
1001 FORMAT( /,' CANNOT CUMB AT USER INPUT CONDITIONS.', ERROR 12

& I,' - ABNORMAL TERMINATION OF TAKOFF ") ERROR 13
1002 FORMAT(,' ABNORMAL TERMINATION OF TAKOFF ) ERROR 14

RETURN ERROR 15
END ERROR 16

A
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Subroutine HALT

SUBROUTINE HALT(LUIN,LUMSG,LUOUTTERMMSG) HALT I
C'" THIS SUBROUTINE TERMINATES PROGRAM EXECUTION, CLOSES THE INPUT AND HALT 2
C*'*" OUTPUT FILES, AND WRITES A TERMINATION MESSAGE, TERMMSG. HALT 3
C"" HALT 4

CHARACTER*(') TERMMSG HALT 5
WRITE(LUOUT,1001) TERMMSG HALT 6

1001 FORMAT(/,A) HALT 7
CLOSE (UNIT=LUIN) HALT 8
CLOSE (UNIT=LUMSG) HALT 9
CLOSE (UNIT=LUOUT) HALT 10
STOP' TOAN.D NORMAL TEi-uJINATION' HALT 11
END HALT 12

0
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Subroutine ATMOSPH

SUROUTINE ATMOSPH(PRESALTARRAY) ATMOSPH I

C**DENSITY RATIOS. THE :NPUTS ARE PRESSURE ALTITUDE, PRESALT, AND ATMOSPH 4
C*"THE TEMPERATURE INCREMENT FROM STANDARD DAY, DTEMPF. ATMOSPH C

C"" ATMOSPH 6
C-' ARRAY(l) = TEMPERATURE (DEG R) ARRAY(6) = PRESSURE RATIO ATMOSPH 7
C'. ARRAY(2) = PRESSURE (PSF) ARRAYM7 = DENSITY RATIO ATMOSPH 8
C-" ARRAY(3) = DENSITY (SLUGIFT3) ARRAY(8 = TEMPERATURE RATIO ATMOSPH 9
C"*" ATMOSPH 10
C-" ARRAY(4) = SPEED OF SOUND (FEET/SECOND) ATMOSPH 11
C"" ARRAY(S) = KINEMATIC VISCOSITY (FT-2/SEC) ATMOSPH 12
C*** ATMOSPH 13

COMMON/ATMOSITEMPR,PRESS,RHO,AFPSVISCOSK,DELTA,SIGMA,THETA,DTEMPF ATMOS I
REAL ARRAY(8) ATMOSPH 15
DATA TSLR, PSLPSF, RHOSL, ASLFPS, ASU(TS, CONSTi ATMOSPH 16

& / 518.87, 2116.22, 2.3769E-03, 1116.47, 861 .48,0.270558E-M6 ATMOSPH 1
IF(PRESALT.LT.36089.0) THEN ATMOSPH 1

FACTOR = 1.0 - 6.8750E-06*PRESALT ATMOSPH 2
ARRAY(6) = DELTA = FACTOR-52559 ATMOSPH 2
ARRAY(8) = THETA = FACTOR + DTEMPF/518.67 ATMOSPH 2

ELSE ATMOSPH 2
ARPAY(6) = DELTA = 0.22336'EXP((36089.0-PRESALT)/20786.0) ATMOSPH 2
ARRAY(8) = THETA = 0.75187 + DTEMPFI51 8.67 ATMOSPH 24

ENDIF ATMOSPH 25
ARRAY(7 = SIGMA = DELTN/THETA ATh.*OSPH 26
ARRAY(1) =TEMPR = THETA-TSLR i~TMOSPH 27
ARRAY(2) =PRESS = DELTA'PSLPSF ATMOSPH 28
ARRAY(3) =RHO = SIGMA'RHOSL ATMOSPH 29
ARRAY(4) =AFPS = SORT(THETA)'ASLFPS ATMOSPH 30
ARRAY(S) =VISCOSK = CONST1'TEMPR"1.5' ATMOSPH 31

& ((PRESStl144.0)'(1.0 + 198.72ITEMPR)) ATMOSPH 32
RETURN ATMOSPH 33
END ATMOSPH 34
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Subroutine SPEED)

SUBROUTINE SPEED(GAMMARVTASX,VWIND,AMACH,QSVKCAS,VKEAS,VKVAS, SPEED
VKTGS,VTGS) SPEED 2

C"*" THIS SUBROUTINE IS CALCULATES DYNAMIC PRESSURE, MACH NUMBER, AND SPEED 3
C*"' VELOCITES. SPEED 4
C"" SPEED 5

COMMON/AIRCRFU/ AOA3PT,AR,B,CGPCT,CLALPH,CONFIG,DTDTMX,FLT,GWT,HZ, AiRCRFT 1
& LOADING,SWING,THTMAX,WNGLOD,XLFMAX AIRCRFT 2

COMMONIATMOSITEMPR,PRESS,RHO,AFPS,VISCOSK,DELTA,SIGMA,THETA,DTEMPF ATMOS 1
PARAMETER (ASL=661 .48,FPSKTS-1 .687806,G= 32.174, CONST 1

& RX=-57.29577951308,TSLF=59.0,ZERO=-O.0) CONST 2
COMMON/CONST/ ASLSQR5,T WOO VR7 CONST 3
VIKrAS = VTASXlFPSKTS SPEED 9
VTGS = VTASX'COS(GAMMAR) - VWIND SPEED 10
VKTGS = VTGS/FPSKTS SPEED 11
IF (VTASX.GT.ZERO) THEN SPEED 1

AMACH = VTASX/AFPS SPEED 13
QS = 0.5'RHO'VTASX"2*S WING SPEED 14
VKEAS = VKTAS'SQRT(SIGMA) SPEED 15
VKCAS = ASLSOR5'SQRT((DELTA' SPEED 16

& ((1.0 + 0.2'AMACH"*2)"3.5 - 1.0) 1 .0)"*(T WOO VR7) SPEED 17
& -1.0) SPEED 18

ELSE SPEED 19
C" IF TRUE AIRSPEED IS NEGATIVE, RESET THESE PARAMETERS TO SPEED 20
C""* ZERO; THIS CAN OCCUR IN A SIMULATION WITH TAILWVIND. SPEED 21

AMACH = VKEAS =VKCAS =ZERO SPEED 2
O5 = 0.1 SPEED 23

ENDIF SPEED 24
RETURN SPEED 25
END SPEED 26
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Subroutine I.RLND

SUBROUTINE ITRLND(ERROR,ERRORJ,DRIVER,FACTOR,TOLRNCE,JRAG) ITRLND 1
C*"* THIS SUBROUTINE IS A ZERO FINDING ROUTINE WHICH VARIES THE ITRLND 2
C"*' INDEPENDENT VARIABLE BASED ON THE SIGN AND SIZE OF THE ERROR. THE ITRLND 3
C"*** LOOP CONTAINING THE CALL TO ITRLND IS EXITED SUCCESSFULLY WHEN ITRLND 4
C'" JFLAG = 3 OR WHEN THE MAGNITUDE OF THE ERROR IS LESS THAN THE ITRLND 5
C"" TOLERANCE VALUE, TOLRNCE. ERROR AND ERRORJ ARE THE PRESENT AND ITRLND 6
C"" PREVIOUS ERRORS, RESPECTIVELY. JFLAG IS A VARIABLE WHICH ITRLND 7
C**" INDICATES THE STATUS OF THE SEARCH. JFLAG IS SET TO 0 BEFORE ITRLND 8
C*"" ITRLND IS CALLED. AFTER THE FIRST CALL TO ITRLND, JFLAG IS SET TO ITRLND 9
C"" 1. JFLAG IS SET TO 2 ONCE THE ZERO IS ISOLATED BETWEEN THE UPPER ITRLND 10
C**** AND LOWER BOUNDARIES, BOUNDU AND BOUNDL, RESPECTIVELY. JFLAG IS ITRLND 11
C**" SET TO 3 AND THE ZERO IS CONSIDER FOUND WHEN THE ABSOLUTE VALUE ITRLND 12
C"" OF THE DIFFERENCE BETWEEN BOUNDU AND BOUNDL IS LESS THAN TOLRNCE, ITRLND 13
C"* THE TOLERANCE PASSED TO SUBROUTINE ITRLND. ITRLND 14
C"" ITRLND 15
C"" DURING THE FIRST CALL TO rTRLND DRIVERJ, THE PREVIOUS DRIVER, IS ITRLND 16
C""* SET TO DRIVER AND DRIVER IS ThEii MULIirUED BY FACTOR. ON ITRLND 17
C"" SUBSEQUENT CALLS TO ITRLND THESE TWO DRIVER VALUES ARE SET TO ITRLND 18
C*"* EITHER UPPER AND LOWiR BOUND OR A MULTIPUCATION OR DIVISION BY ITRLND 19
C"" FACTOR IS APPUED TO DRIVER. ONCE THE LOCATION OF THE ZERO IS ITRLND 20
C"" DETERMINED TO BE ON ONE SIDE OF THE DRIVER OR THE OTHER, DRIVER ITRLND 21
C"** IS SET TO EITHER THE UPPER OR LOWER BOUND AS THE SEARCH IS ITRLND 22
C"" NARROWED. ITRLND 23
C"" ITRLND 24

LOGICAL FFLAG,MFLAG,PFLAG ITRLND 26
IF(JFLAG.EO.0) THEN ITRLND 26

FFLAG = MFLAG = PFLAG = .FALSE. ITRLND 27
JFLAG =1 ITRLND 28

ENDIF ITRLND 29
IF (.NOT.PFLAG) THEN ITRLND 30

PFLAG = .TRUE. ITRLND 31
DRIVERJ = DRIVER ITRLND 32
DRIVER = DRIVER*FACTOR ITRLND 33
RETURN ITRLND 34

ELSEIF (.NOT.FFLAG) THEN ITRLND 35
IF (ERROR*ERRORJ.LT.0.0) THEN ITRLND 36

IF(DRIVERJ.LE.DRIVER) THEN ITRLND 37
BOUNDL = DRIVERJ ITRLND 38
BOUNDU = DRIVER ITRLND 39

ELSE ITRLND 40
BOUNDU = DRIVERJ ITRLND 41
BOUNDL = DRIVER ITRLND 42
ERRORJ = ERROR ITRLND 43

ENDIF ITRLND 44
JFLAG = 2 ITRLND 45
FFLAG =.TRUE. ITRLND 46
DRIVER = (BOUNDU + BOUNDL)12.0 ITRLND 47
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ELSEIF(.NOT.MFLAG AND. ITRLND 48
& ((ERROR.LT.0.0 AND. ERROR.GE.FRRORJ) .OR. nTRLD 494
& (ERROR.GE.0.0 AND. ERROR.LE.ERRORJ))) THEN ITFLND 500

DRIVERJ = DRIVER TRLnD 51
DRIVER = DRIVER*FACTOR iTHLND 52

ELSE ITRLND 53
MFLAG = .TRUE. ITRIND 54
BOUNDU = DRIVER IRLnD 55
DRIVERJ = DRIVER ITRLND 56
DRIVER = BOUNDU/FAGTOR ITRLND 57

ENDIF ITRIND 58
RETURN ITRLND 59

ENDIF ITRIND 60
IF(ERROR-ERRORJ.GT.0.0) THEN ITRLND 61

BOUNDL = DRIVER ITRLND 62
ERRORJ = ERROR ITRLND 63

ELSE [TRIND 64
BOUNDU = DRIVER ITRLD 65

ENDIF ITRILND 66
DRIVER = (BOUNDU + BOUNDL)t2.0 ITRLD 67
IF(ABS(BOUNDU-BOUNDL) .LT. TOLRNCE) JFLAG =3 ITRLND 68
RETURN ITRLND 69
END ITRLND 70
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*r~mFacin
Function DGDT

FUNCTION DGDT(ALPKAFP VTAS,GAMMARGWI) DGDT 1
C"" THIS FUNCTION CALCULATES DGIDT AS A FUNCTION OF ALPHA. IT DGDT 2
C'"' REQUIRES VARIALE CY, FPVTAS, GAMMAPP, GWT, AND OS. DGDT 3
C"" DGDT 4

COMMOWAEROI CX.CYDADTCMDDCDX.DCLX.DTDTGEXFLAP,FLPPCT,OS, AERO 1
& SPDBRKSPOILER,VKCAS,VKTAS AERO 2

COMMON/AIRSPED/ V"KABKKAPP,VKBRAXEVKEND,VKFAJLVKRAP,VKFLPMX, AIRSPED 1
& VKMCG,VKROTAT,VKSTARTVKWIND,V WIND AIRSPED 2

PARAMETER (ASL=661 .48,FPSK(TS=1 .687806(3= 32.174, CONST 1
& RX=5,7.295791308,TSF=59.0,ZERO=0.0) CONST 2

COMMONICONST/ ASLSOR5,T WOO VR7 CONST 3
CALL FORCEX(ALPHACDCL) DGDT 8
0(30! - (Gf(GWT'FPVTAS))'(CY'QS -GWT'COS(GAMMAR)) DGDT 9
RETURN DGDT 10
END OGDT 11

Function DWiT

FUNCTION D%/DT(ALPHAFPVTAS,GAMMAR,GWT) PvF)T 1
C*"" THIS FUNCTION CALCULATES DVIDT AS A FUNCTION OF ALPHA. Ir DVDT 2
C'"' REQUIRES VARIABLES CX. FPVTAS, GAMMAPP, GWT, AND OS. DVDT 3
C'"' DVDT 4

COMMON/AEROI CXCYDADTCMD,DCDXDCLX,DTDTGEXFLAP,FLPPCT,OS, AERO 1
& SPDBRKSPOlLERVKCASVKTAS AERO 2

COMMOWAIRSPED/ VABRKVKAPPVKBRAKEVKENDVKFILVKFLAP,V*PKFPX AIRSPED 1
& VKMCG,VKROTAT,VKSTART,VKMWND,VMWND AIRSPED 2

PARAMETER (ASL;M1i.4b,FPSIKrS=1 .687806(3=- 32.174, CONST 1
& RX=57.296791308,TSLF=59.O,ZERO=0.0) CONST 2

COMMONJCONST/ ASLSQR5,T WOO VR7 CONST 3
CALL FORCEX(ALPHACD,CL) DVDT 8
DVDH - DVTDH(FPVTAS,' VC') DVDT 9
DVDT - GIGWT'(-CX'QS - GWT'SIN(GAMMAR)) - DVDH'FvTAS'SIN(GAMMAR) DVDT 10
RETURN DVDT I11
END DVDT 12
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Function DVIDH

FUNCTION DVTDH (VTAS,CONSTANT) DVTDH I
C-" THIS FUNCTION CALCULATES THE CLIMB SPEED DERIVATIVE, DV/DH FOR DVTDII 2
C-" CONSTANT CALIBRATED AIRSPEED, EQUIVALENT AIRSPEED, OR MACH NUMBER. DVTDH 3
C""' DVTDH 4

DOUBLEPRECISION DTIMEDTIM.JTiME CTRL 1
PARAMETER (LUIN=3LUOUT=4) CTRL 2
COMMONCTRU1 DTIMEDTIMEJ,ICOUNTJDBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEQ,NPAGETIMEJIMEROL CTRL 4
DOUBLEPRECISION FPVTAS,GAMMAR,FPDISTPRESALT,FPACCELIDGDTR,VHAS, FPINTEG 1

& ROCRKAIR FPINTEG 2
COMMON FPINTEG/ FPVTASGAMMARFPDISTPRESALTFPACCELDGDTR,VHAS, FPINTEG 3

& ROC,RKAI(40) FPINTEG 4
COMMON/ATMOS/ TEMPRPRESSRHO~AFPSVISCOSIDELTASIGMATHErADTEMPF ATMOS 1
PARAMETER (ASL=661 .48,FPSKrS=-1.687806,G-I- "-.1 74, CONST 1

& RX=57.295795308,TSLF=59.0,ZERO=0.0) CONST 2
COMMONKCONST/ ASLSQR5,TWOOVR7 CONST 3
COMMONIRACURV/ IDBUG,IEXTOR,KURNAM(99) RACURV 1
CHARACTER COINSTANT'4 DVTDH 10
IF(IDBUG.GE.1) WRITE(LUMSG,9001) DVTDH 11

9001 FORMAT C'ENTERED DYTOfn) DVTDH 12
CALL SPEED( GAMMARVTASVWINDAMACH,OS,VKCAS,VKEAS,VKTAS, DVTDH 13

VKTGS,VTGS) DVTDH 14
IF (CONSTANT.EQ.- VC') THEN DVTDH 15

C"" CONSTANT CALIBRATED AIRSPEED DVTDH 16
DERIVA = DADH(PRESALT) DVTl)H 17
DERIVD = DDELTDH(PRESALT) DVTDH 18
IF(IDBUG.GE1) WRflE(LUMSG,1001) DERIVADERlDTIl-. DVTDH 19

1001 FORMAT(' -" FROM FUNCTION DVTDH, DADH,DDELTDH =-',2E1 6.8, DVTDH 20
& 'AT TIME ',E14.8,"'*"j DVTDH 21

IF (VKCAS.LE.ASL AND. AMACH LE.1 .0) THEN DVTDH 22
C"*" SUBSONIC EQUATION DVTDH 23

GONSTX = 1.0 + 0.2*AMACH*2 DVTDH 24
DVTDH = AMACII'DERIVA - (5.0'AFPST(CONSMX)3.5 - 1.0)' DVTDH 25

& DERIVD)Y(7.0'AMACH-(CONSTX)-2.5) DVTDH 26
ELSEIF (VKCAS.GT.ASL.AND. AMACH.GT.1 .0) THEN DVTDH 27

C"" SUPERSONIC EQUATION DVTDH 28
CONSTY = 7.0*AMACH"2 -1.0 DVTDH 29
DVTDH = AMACH'DERIVA. (AFPS*DERIVD(166.921*AMACH"7 - DVTDH 30

& (CONSTY)MS.)'(CONSTY))/ DVTDH 31
& (I1166.45'AMACH-6'(2.0'AMACH-2 -1.0)) DVTDH 32

ELSE DVTDH 33
WVRITE(LUMSG,1002) DVTDH 34

1002 FORMATC ILLEGAL VALUES FOR VKCAS AND AMACH PASSED TO', DVTDH 35
& 'FUNCTION DVTDH. EITHER VKCAS IS GREATER THAN'/, DVTDH 36
& 'ASL AND AMACH IS LESS THAN 1.0 OR WKAS IS LESS!, DVTDH 37
& 'THAN OR EQUAL TO ASL AND AMACH IS GREATER THAN'), DVTDH 38
& '1 .0; EXECUTION RETURNS TO CALLNG SUBROUTINE.') DVTDH 39

ENDIF DVTDH 40
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ELSEIF(CONSTANT.EQ.' yE') THEN DVTDH 41
C"" CONSTANT EQUIVALENT AIRSPEED DVTDH 42

DXDH - DSIG0H(PRESALT) DVTDH 43
IF(IDBUG.GEI) WRITE(LUMSG,1003) DXDHTIME DVTDH 44

1003 FRMWATC - FROM FUNCTION DVTDH, DSIGDH =?,E16.8, DVTDH 45
& -AT TIME ,E14.8, - -n DVTDH 46

DVTDH - -(VKAS¶PSKrS)'DXDW(2.O'SIGMA'i .5) DVTDfH 47
ELSEIF(CONSTANT.EO.`MACr THEN DVTDH 48

C"" CONSTANT MACH NUMBER DVTDH 49
DXDH = DADH(PRESALT) DVTDH 50
IF(IDBUGGE.1) WRITE(LUMSG,1004) DXDHTIME DVTDH 51

1004 FORMATC -"'FROM FUNCTION DVTDH, DADH =',El 6.8, DVTDH 52
& -AT TIME ',E14.8,') DVTDH 53

DVTDH z AMACH*DXDfH DVTDH 54
ELSE DVTDH 55

WRITE(LUýMS,1005) DVTDH 56
1005 FORMATC ILLEGAL OPTION CODE PASSED TO FUNCTION DVTDH;', DVTDH 57

& EXECUTION RETURNS TO CAWUNG SUBROUTINE.') DVTDH 58
ENDIF DVTDH 59
RETURN DVTDH 60
END DVTDH 61
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T7

Function DADH

FUCTO DAH ) DADH I
C* THIIS FUNCTION CALCULATES THE SPEED OF SOUND DERIVATIVE WITH DADH 2

C" RESPECT TO PRESSURE ALTITUDE. DADH 3
C" DADM 4

DOUBLEPRECISION DTIME,DTIMEJTIME CTRL 1
PARAMETER (LUIN3,UJOUT=4) CTRL 2
COWMOWCTRU DTIME,DTIMEJ,IcOUNTJOEBUG,KENG,UNENUMLUMSG,NCOUNT, CTRL 3

& NEONPAGETIME,TIMEROL CTRL 4
IF (HC.GE. -1000.00 AND. HC.LE. 36089.24) THEN DADH 6

DADH *- 0.065152WY5QRT(288.15 -. 0019612WHC) DADH 7
ELSEIF (HC.GT. 360624 AND. HC.LE. 65616.80) THEN DADH 8

DADH z 0.0 DADH 9
ELSEF (HC.GT. 65616.80 AND. HC.LE. 104966.88) THEN DADH 10

DADH = 0.0100234/$SRT(216.65 + .0003048°(HC - 65616.8)) DADH 11
ELSEIF (HC.GT. 104966.88 AND. HC.LE. 154199.48) THEN DADH 12

DADH = 0.0280641/S0RT(228.65 + .0008534'(HC - 104966.88)) DADH 13
ELSE DADH 14

WRITE(WUMSG,1001) DADH 15
1001 FORMATC ILLEGAL PRESSURE ALTITUDE PASSED TO FUNCTION DADH;', DADH 16

& 'EXECUTION RETURNED TO CALLING SUBROUTINE) DAiH 17
ENDIF DADH 18
RETURN DADH 19
END DADH 20
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Function DDELTDH

V* T FNCTIONCACUAESTEPRESSURE RATIO DERIVATIVE WITH DDELTDH 2

DOUBLEPRECISION D11MEDTIMEJTME CTRL 1
PARAMETER (LUIN3,UJOUT-4) CTRL 2
COWONITRL/ DTIME~DTIMJ, ICOUNTA"ABU,KENGAJNENUMLUMSG,NGOUN, CTRL 3

& NEQ,NPAGE.,TIMETIMEROL CTRL 4
IF (HC.GE. -1000.00 AND. HC.LE. 3608924) THEN DOELTDH a

DDELTDHi - .0.36374E-04(1.0 - HC-6.87M"6E0) DOELTDH 7
EI.SEIF (HC.GT. 3608924 .AND. HC.LE. 65816.60) THEN DDELTDH 8

DDELDH a -0.480637E-04 DOELTDH 9
ElS"I (HC.GT. 65616.80 AND. HC.LE. 104986.86) THEN DDELTDHe 10

DDELTDH - -.0480637E-04/(1 .0 + (HC - 6561 6.80)i1.40668E-06) DOELTDH I11
ELSIF (HC.GT. 104.8668 AND. HCLE. 1541989.48) THEN DOELTDH 12

DDELTDH = -.0A65412E-04(1.0 + (HC - 1O4966.88)*3.73252E-06) DOELTDH 13
ELSE DOELTDH 14

WRITE(LUMS,1001) DOELTDH 15
1001 FORMAT(' ILLEGAL PRESSURE ALTITlUDE PASSED TO FUNCTION' DDELTDH 16

& 'DDELTDHi; EXECUTION RETURNED TO CAWNG SUBROUTINE') DDELTDH 17
ENDIF DOELTDH 18
RETURN DDELTDH 19
END DDELrDH 20
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Pnctima DSKDH

FUNCTION DIG3D~HM DSI" 1
C"" ThI SUBACTIJNE CALCUIATES THE DENSITY RATIO DERIVATIV WI" DSIGD 2
C"" RESPECT TO PRESSURE ALTITUDE. OSIGO 3

C"*DSIGDH 4
DOULEP)RECISION DTIMEDTIMETIME CTRL 1
PARAMETER (WIN=3,LUOUT-4) CTRIL 2
COMMON~TRLJ DTIMEDTIUMEOUNTJDEBUG,KENG,UNENUMJJMSG,NGOUJNT, CTRL 3

& NEQNPAGETIMTIMEROL CTRL 4
IF (HC.GE. -1000.00 AND. HC.LE. 36=8.24) THEN DSIG3DH 6

DSIG-DH = -2.92617SE-05(1.0 -HC¶6.87556E-06)-32559 DSIG3DH 7
ELSEIF (HC.GT. 3606.24 AND. HC.lE. 65616.80) THEN DSIGDH 8

DSIGDH = EXP (-4.8067E-05'(HC - 3606.24))'(-1 .427853E-05) DSIG3DH 9
ELSEIF (HC.GT. 65816.80 AND. HC.LE. 104966.88) THEN DSIGDH 10

OSIOM w =-3a5NI71 E-O DSIGDH 11
& (1.0 + 1.40688E-06(HC : 65616-80))"(-36.1634) DSIGDH 12

ELSEIF (H.GT. 104866.8 AND. HC.LE. 154199.48) THEN DSIGDH 13
DSIGDH a -5.319445E-07' DSIGDH 14

& (1.0 + 3.73252E-0r(HC - 104986.88))**-1 4.2012) DSIGDH 15
ELSE DSiGDH 16

WRITE(LUMSG,1001) DSIGDH 17
1001 FORMATC L.EGAL PRESSURE ALTITUDE PASSED TO FUNCTION', DSIGDH 18

& 'DSIGiDKt EKECUTION RETURNED TO CAWUNG SUBROUTINE') DSIGDH 19
ENIDIF DSIGDH 20
RETURN DSIGDH 21
END DSIG DH22@

B-86 Source Code Listng Appendix B



Function MNrERP

REAL FUNCTION INTERP(YNOW,YPAST,XNOW,XPAST,XANS) INTERP 1
C** THIS FUNCTION RETURNS THE INTERPOLATED VALUE BETWEEN TWO ORDINATE INTERP 2
C" INPUTS BASED ON THE ADDITIONAL INPUTS OF THREE ABSCISSAS. INTERP 3
C*"* INTERP 4

XDIFF = XNOW - XPAST INTERP 5
C*" INTERP 6
C*** CiECK DIFFERENCE BETWEEN X-COORDINATES TO PREVENT AFMiT-METIC INTERP 7
C** DMSION BY ZERO. INTERP 8

IF(XDiFF.EO.0.0) XDIFF = 1.0 INTERP 9
INTERP = YNOW- (YNOW - YPAST)'(XNOW -XANS)YMDIFF) INTERP 10
RETURN INTERP 11
END INTERP 12
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Function ZEROX

FUNCTION ZROX(AB,FUNCTNVARt2,VARt3,VAR4,TOLRNCE,FINDV) ZEROX 1
C- THIS FUNCTION FINDS THE ZERO OF THE FUNCTION FUNCTN(X) ON AN ZEROX 2
Ct ' INTERVAL X z A TO X = B. THE PROGRAM ASSUMES THAT F(AX) AND ZEROX 3
C-m F(BX) ARE OF OPPOSITE SIGN, IMPLYING THAT FUNCTh(X) IS ZERO ZEROX 4
C-~ SOMEWHERE IN THAT INTERVAL THE ARGUMENT, 'FUNCTN', MUST BE ZEROX 5
C**' DECLARED EXTERNAL lINTHE MAIN CALLNG PROGRAM AND HAVE FOUR ZEROX 6
C"" CALLING ARGUMENTS, A OR B, VAR2. VAR3, AND VAR4. ZEROX 7
C"" ZEROX 8

LOGICAL FINDV ZEROX 9
REAL ABFUNCTNTOLRNCE ZEROX 10
DATA EPSILON/2.22E-161 ZEROX 11
AX =CX= A ZEROX 12
BX = B ZEROX 13
IF(FINV) THEN ZEROX 14

FAX = FCX = FUNCTN(VAR2AX.VAR3,VAR4) ZEROX 15
VBX = FUNCMh(VAR2,BXVAR3,VAR4) ZEROX 16

ELSE ZEROX 17
FAX = FOX = FUNCTN(AX,VAR2,VAR3,VAR4) ZEROX 18
FBX a FUNCTN(BXVAR2,VAR3,VAR4) ZEROX 19

ENDIF ZEROX 10
D =E=BX-AX ZEROX 21

19 IF(ABS(FCX).LTABS(FBX)) THEN ZEROX 22
AX = BX ZEROX 23
BX = CX ZEROX 24
CX =AX ZEROX 250
FAX = FBX ZEROX 26
VBX = FOX ZEROX 27
FCX = FAX ZEROX 2"o

ENDIF ZEROX 29
TOLX = 2.0*EPSILON'ABS(BX) + TOLRNCE ZEROX 30
DIFCXBX z CX - BX ZEROX 31
HALFDIF = 0.5'DIFCXBX ZEROX 32
IF ((ADS(HLFDIF).LE-TOLX) .OR. (FBX.EQ.0.0)) THEN ZEROX 33

ZEROX = BX ZEROX 34
RETURN ZEROX 35

ELSEIF((ABS(E).LT.TOLX).OR. (ABSFAX).LE.ABSFBX))) THEN ZEROX 36
D = E = HALFDIF ZEROX 37

ELSE ZEROX 38
S - FBXfFAX ZEROX 39
IF(AX.EO.CX) THEN ZEROX 40

Pn DIFCXBX'S ZEROX 41
0 =1.0 -S ZEROX 42

ELSE ZEROX 43
0 = FAXIFCX ZEROX 44
R - VBXIFOX ZEROX 45
P = S*PDFOXB'0(Q - R) - (BX - AX)'(R -1.0)) ZEROX A6
0 = (0 - 1.0)-(R - 1.O'(s - 1.0) ZEROX 47

ENDIF ZEROX 48
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IF(P.LEO.0) THEN ZEROX 49
P=-P ZEROX 50

ELSE ZEROX 51
0=-O ZEROX 52

ENDIF ZEROX 53
S=E ZEROX 54
EaD ZEROX 55
IF(( (2.0*P) .GE.(3.0OHALFDIPO ABS(TOLX'Q))).OR. ZEROX 56

& (P GE. ADS(.5S0))) THEN ZEROX 57
D - E = HALFDIF ZEROX 58

ELSE ZEROX 59
D z P/0 ZEROX 60

ENDIF ZEROX 61
ENDIF ZEROX 62
AX - BX ZEROX 63
FAX = FBX ZEROX 64
IF (ABS(D).GT.TOLX) THEN ZEROX 65

BX =BX+ D ZEROX 66
ELSEIF (CX.GT.BX) THEN ZEROX. 67

ELEBX a BX + TOLX ZEROX 68
ELSEZEROX 69

BX = BX - TOLX ZEROX 70
ENDIF ZEROX 71
IF(FINDV) THEN ZEROX 72

ELEFBX = FUNCTN(VAR2B,MVAR3,VAR4) ZEROX 73
ELSEZEROX 74

FBX = FUNCTN(BXVAR2,VAR3,VAR4) ZEROX 75
ENDIF ZEROX 76
IF(FBXFCX/ABS(FCX).GT.O.0) THEN ZEROX 77

CX -=AX ZEROX 78
FCX =FAX ZEROX 79
D =EzBX-AX ZEROX 80

ENDIF ZEROX 81
GO TO 19 ZEROX 82
END ZEROX 83
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User Provided Subroutin Examples
Subroutin INICURV

SUBROUTINE INICURV INICURV 1
C** THIS SUBROUTINE INITIALIZES THE NAMES, TABLES AND VALUE NAMES OF INICURV 2
C** THE RANDOM ACCESS CURVE FILES AND OPENS THE APPROPRIATE CURVES AS INICURV 3
C*" NEEDED. INICURV 4

C"INICURV 5
PARAMETER (ASL=61 .48,FPSKTS=1 .687806,G= 32.174, CONST 1

& RX=57.2977951 308,TSLF=59.0,ZRO=O.0) CONST 2
COMMONICONST/ ASLSQR5,T WOO VR7 CONST 3
LOGICAL AOADFLG,BRKFLAGSCLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFIAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REV'tSE,ROTATE, FLAGS 2
& RTOFI.AG,SBKFLAG,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRITITR FLAGS 4

COMMON/FLAGS1 AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAJLFLG,FLAPFLG, FLAC.S 5
& FPCTFLGGEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,R(TOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLGVECTFLG,VFFLAG,WRmTR FLAGS 8

CHARACTER ENGGRP*3,FAILGRP'3,FAILMOD*5,FAILST'4,MVR*3,MANUVR'6, CHARV I
& THRCRV'3TKOTYPE'7 CHARV 2

COMMONICHARVI ENGGRP,FAILGRP,FAILMOD,FAILSTMVR,MANUVRTrRCRV, CHARV 3
& TKOTYPE CHARV 4

COMMOWCINDEXWSTRNDX(3),NDXLEN,LUCU)RV CINDEX 1
COWMONRACURVI IDBUG,IEXTOR,KURNAM(99) RACURV 1
COMMON/VALUES/VALIN(1 5),VFUEL(4),V1DLE(4),VUiFT(2),VAERO(1 5) VALUES 2
COMMON -%PLES1TFUEL (1 72),TIDLE (I119),TAEROO7(72),TAEROOS(88), TABLES 1

& TAEROO(9p),TAERO1O0(62),TAER01 1(91),TAERO1 2(76), TABLES 2
& TAER013(64),TAER014(73),TAERO15(74).TAER016(66), TABLES 3
& TAER017(66),TAERO18(7)TAER019(73),TAER020(76), TABLES 4
& TAERO21 (76),TAERO22(81),TAERO23(74) TABLES 5

LOGICAL CRYFLAG INICURY 12
C INTEGER INICIJRV 13
C REAL INICURV 14

DATA IDBUG, IEXTORLUCURV,NDXLEN,NDXTYPE INICURV 15
1 0, 0, 2, 3, 0/ INICURV 16

C"INICURV 17
C"" OPEN RANDOM CURVE FILE WITH EXTENDED CORE STORAGE. INICURV 18

IF(.NOT.CRVFLAG) T1HEN INICURV 19
C CALL OPENMS (LUCUJRV,MSTRNDXNDXLEN,NDXTYPE) INICURV 20

ENDIF INICUflV 21
C"". INICURV 22
C"" INITALIZE CURVE ARRAYS. INICURV 23

IF(.NOT.CRVFLAG) THEN INICURV 24
CRVFLAG = .TRUE. INICURV 25
NDXTYPE z 0 INICURV 26

C CALL CUR VSET(K(URNAM,TABLE,NDIM( X),NAMEIN,NUNITI,NIPIN, INICURY 27
C & NAMEOUT,NUNITO,NDPOUT(1),IDBUG,LUMSG) INICURV 28

ENDIF INICURV 29
RETURN INICURV 3
END INICURV 31
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Subroutine FORCEX

SUBROUTINE FORCEX(ALPHA,CD,CL) FORCEX 1
C""THIS SUBROUTINE PROVIDES r!E TOTAL FORCE COEFFICIENTS ALONG FORCEX 2
C*"* AND NORMAL TO THE FUIGHTPATH BY CAWLNG USER PROVIDED SUBROUTINE FORCEX 3
C"*" 'FXXAERO' TO DETERMINE LIFT AND DRAG COEFFICIENTS AND USER FORCEX
C"'' PROVIDED SLIBROUTINES 'FXXENG', SPOOLUP, SPOOLDNF, AND SPOOWDNR TO FORCEX 5s
C"" PROVIDE THRUST AND FUEL FLOW. FORCEX
C"" FORCEX 7
C"" SUBROUTINE FORCEX SHOULD REQUIRE ONLY THE FOLLOWING MODIFICATIONS: FORCEX 8
V"' FORCEX( 9
C,"*" 1) INITALIZATION OF THE DATA STATEMENT PROVIDING VALUES FOR FORCEX 10
C"" AlT, AR, B, CGPCT, CLALPH, CONFIG, DTDTMX, FLAP, FLPPCT, FLPPCT, FORCEX 11
C"" H7- LOADING, NENG, PWRCODE, RC, SWING, THRCRV, THTMAX, FORCEX 12
C"*" XIDLE, XLFMAX, AND XMIL FORCEX 13
C"*" FORCEX 14
C"" 2) CHANGING THE CALLNG S CATEMENT FOR SUBROUTINES 'FXXAERO' FORCEX 15
C*"" AND FXXENG' TO THE USER PROVIDED NAMES WITH THE FORCEX 16
C"e" APPROPRIATE CALLNG ARGUMENTS.. FORCEX 17
C"" FORCEX 18

DOUBLEPRECISION DTIME,DTIMEJ,TIME CTRL 1
PARAMETER (LUIN=-3,LUOUT=4) CTRL 2
COMMONICTRL/ DTIME,DT1MEJ,ICONTJDEBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEQ,NPAGE,T1ME,T1MEROL CTRL 4
COMMOWAJRCRFT/ AOA3PTAR,BCGPCT,CLALPH,CONFIG,DTDTMX,FLT,GWVT,HZ, AIRCRFT 1

& LOADING,SWING,THTMAX,WVNGLOD,XLFMAX AIACRFT 2
COMMONIAERO/ CXCY,DADTCMDDCDX,DCA.X,DIDTGEX,FI.AP,FLPPCT,QS, AERO 1

& SPDBRK,SPOILER,VKCAS,VKTAS AERO 2
COMMONWENINEt AITAMACH,DTFAILEPR,FE,FG,FGPCTNENG,PWRCODE, ENGINE 1

& REVNDX,RCTHRUST,VTANGLE,WFUELXENG,XENGFLD, ENGINE 2
& XENGOUTXDLE,XMILZFN ENGINE 3

COMMONIAIRBORNt ALPHAJ.ALPHMX,DTDT,GAMMAPP,ROCFPM,THETAF,XLF,XLFJ AIRBORN 1
COMMON/AJRSPED/ VI(ABRIýVKAPP,VKBRAKEVKEND,VKFAMLVKRLAP,VKI-FPMX, AlhSPED 1

& VKMCG,VKROTAT,VKSTART,VKWIND,VWIND M1RSPED 2
LOGICAL AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, I-u~as 1

& GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSE,ROTATE, FLAGS 2
& R(TOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRmTTR FLAGS 4

COMMONIFLAGSt AOAOFLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLG,GEFLAG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG, FLAGS 6
& RL-VRSEROTATE,RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMc-LG,VECThLG,VFFLAG,WRM~T FLAGS 8

CHARACTER ENGGRP'3,FAILC-Pr3,FAILMOD'5,FAILST'4,MVR'3,MANUVR'6, CHARy 1
& THRCRV'3,TKOTYPE'7 CHARV 2

COMMON(CHARVI ENGGRP,FAILGRP,FAILMOD,FNILST,MVR,MANUVRTHRCRV, CHARV 3
& TKOTYPE CHARV 4

DATA AIT, AR, B, CGPCT, CLALPH, CONFIG, DTDTMX, FLAP, FLPPCT FORCEX 27
& I0.0, 7.000. 75.0, 25.0, 0.120, 1.0, 7.0, -1.0, 50.0 IFORCEX 28
& HZ, LOADING, NENG, PWRCOOE, RC, SWING, THRCRV, THTMAX FORCEX 29
& I5.50, 1, 4, 4444., 0.0, 800., 'RC', 15.04I FORCEX 30
& XIDLE, XLFMAX, XKAIL FORCEX 31
& 1 0.06, 2.0, 0.50 IFORCEX 32
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IF(.NOT. STMEADY) TEN FORCEX 340
CALL FXXENG(AIT,AMACH,NENG,PWRCODEQS,VKCAS,XENGXIDLE, FORCEX 35W

FE,FG,THRUST,WFUEL,EPR) FORCEX 36
Ck**FORCEX 37

C*ý ADJUST THRUST BY FGPCT FACTOR FORCEX 38
FACTOR = 1.00 + FGPCT/1 00. FORCEX 39
FG = FG*FACTOR FORCEX 40
THRUST =THRUST*FACTOR FORCEX 41
WFUEL = WFUELFACTOR FORCEX 42

ENDIF FORCF.X 43
Ctm  FORCEX 44
C"" CALCULATE NET THRUST COEFFICIENT. FORCEX 45

CTX = (FG'COSD (ALPHA+AlT) - FE)IQS FORCEX 46
CTY = (FG'SIND (ALPHA+AIT) )IQS FORCEX 47

C"" FORCEX 48
C*"* ADD USER INCREMENTS TO CL AND CD. FORCEX 49

CL = CL + DCLX FORCEX 50
CD = CD + DCDX FORCEX 51

C*"" FORCEX 52
C"' CALCULATE FORCE COEFFICIENTS CX AND CY. FORCEX 53

CX =CD - CTX FORCEX 54
CY =CL + ClY FORCEX 55
RETURN FORCEX 56
END FORCEX 57
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Subroutine FXXAERO

SUBROUTINE FXXAEO(ALPHAAMACH,CLCD,FLAP,SPOILERVKCASXENGOUT) FXXAERO 1
C*" THIS SUBROUTINE CALCULATES OR PERFORMS A TABLE LOOKUP TO FXXAERO 2
C*** DETERMINE THE UIFT AND DRAG COEFFICIENTS FOR THE AIRCRAFT. THIS FXXAERO 3
C*"~ SUBROUTINE AND ITS NAME ARE PROVIDED BY THE USER. FXXAERO 4

C**FXXAERO 5
DOUBLEPRECISION D11ME,DTIMEJJ1ME CTRL 1
PARAMETER (LUIN=-3,LUOUT--4) CTRL 2
COMMON/CTRL DT1ME,DTIMEJ,ICOUNT,JDEBUG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEO,NPAGETIME,TIMEROL CTRL 4
COMMONIAIRCRFTI AOA3PT,AR,B,CGPCT,CLALPH,CONFIG,DTDTMX,FLT,GWT,HZ, AJRCRFT 1

& LOADING,SW1ING,THTMAX,WNGLOD.XLFMAX AIRCRFT 2
COMMONNVECTOR/ HVECT,WVECT VECTOR 1
COMMONIAIRSPEDtI VKABRKNVKAPP,VKBRAKE,VKEND,VKFAJLVKFLAP,VKFLPMX, AIRSPED 1

& VKMCG,VKROTATYVKSTART,VKWIND,VWIND AIRSPED 2
COMMON/RUNWAY/ ABARG,AOAABRrK,BRAKMU,BRKFCTR,GAMMARW,GRW,HAGL, RUNWAY 1

& HCLEAR,HFLARE,HGEAR,rIRUNWAY,IMU,RCR,ROLLMU,TIMEFLD, RUNWAY 2
& TIMEBRK,TIMEFLP,TIMESBK,T1MESPLXMU RUNWAY 3

DOIJBLEPRECISION FPVTAS,GAMMAR,FPDIST,PRESALT,FPAGCc=LIDGDTR,V.NAS, FPINTEG 1
& ROC,RKAIR FPINTEG 2

COMMONIFPINTEG/ FPVTAS,GAMMAR,FPDIST,PRESALT,FPACCELDGDTR,ýHAS, FPINTEG 3
& ZAFPINTEG 4

COMMON/ATMOS/ TEMPR,PRESS,RHO,AFPS,VISCOSK,DELTASIGMATHETADTEMPF ATMOS 1
LOGICAL AOA0FLG,BRKFLAG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GEFLAG,LGRFLAG,LUFTOFF,OVERFLG,RE.VFLA.G,REVRSE,ROTATZ-, FLAGS 2
& RTOFLAG,SBKFLAG,SPLFLAG,SPOOLSTEADY,TERMFLG,VECTFLG, FLAGS 3
& VFFLAG,WRMTR FLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLG,CLRHGT,ERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLG.GEFLAG,LGRFLAG,LIFTOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATE,RTOFL.AG,SBKFLAG,SQPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG,VECTFLG,VFFLAGWRf[TrR FLAGS 8

CHARACTER ENGGRP-3,FAILGRP-3,FAILMOD*5,FAILS-r4,MVR'3,MANUVR*6, CHARV 1
& THRCRV*3,TKOTYPE*7 CHARY 2

COMMONICHARV/ ENGGRP,FAILGRP,FAILMOD,FAILST,MVR,MANUVR,THRCRV, CHARV 3
& TKOTYPE CHARY 4

COMMON/RACURWI IDBUG,IEXTOR,KURNAM(99) RACURV 1
COMMONNALUESNVALIN(15),VFUEL(4),VIDLE(4),VLIFT(2),VAERO(1 5) VALUSES 2
COMMONITABLESITFUEL (I172),TIDLE (11 9),TAEROO7(72),TAEROO8(88), TABLES 1

& TAER0O9(79),TAERO1 0(62),TAERO1 1(91 ),TAERO12(76), TABLES 2
& TAERO13(64),TAERO14(73),TAERO15(74),TAERO1 6(68), TABLES 3
& TAER017(66),TAERO18(77),TAER019(73),TAER02O(76), TABLES 4
& TAERO21 (76),TAERO22(81 ),TAERO23(74) TABLES 5

DATA DCDFLP, DCDCG,DCDWMLDCDEOT, DFLAPDT,DSPLRDT,DTGEAR, VKFLPMX FXXAERO 17
& I0.0000, 0.0000, 0.0000, 0.0000, 3.0, 9.0, 6.0, 225./ FXXAERO 18

C*"FXXAERO 19
C*" EMPIRICAL FORMULA FOR LANDING GEAR DRAG. FXXAERO 20
C- IF(DODLGR.EQ.0.0) DCDLGR = (0.OO32ISWING)'GWTP*0.80 FXXAERO 21
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C""FXXAERO 22
C"* INMALIZE VALIN ARRAY FOR CURVE FILE LOOKUPS. FXXAERO 2340

VAUiN(IA) =PRESALT FXXAERO 24W
VALIN(IB) =AMACHi FXXAERO 25
VAIJN(IC) =FLTNDX !9(XAERO 26
VALIN(ID) =FLAP rAXAERO 27
VAiJNIIE) =VKCAS FXXAERO 28
VALJN(IF) =CGPCT FXXAERO 29
VALIN(IG) =ALPHA FXXAERO 30

C*'*m  FXXAERO 31
C""* DETERMINE LIFT COEFFICIENT, CL, USING CURVE LIFT. FXXAERO 32
C CALL CUR VEL(KURNAM(XX)TABLETABLE,VAJNVUFT, FXXAERO 33
C & IDBUG,IEXTOR,LUMSG) FXXAERO 34

CLSLOPE = VUIFT(1) FXXAERO 35
CLINTCP = VLIFT(2) F)O(AERO 36
VALIN(9) = CL = CLSLOPE*ALPHA + CUINTCP FXXAERO 37
IF((NCOUNT.EQ.l00R.STEADY) AND. FXXAERO 38

& (JDEBUG.EQ.7001 .OR.JDEBUG.EQ.7777.OR.JDEBUG.EQ.9999)) THEN FXXAERO 39
WRITE(LUMSG,7001) VUIFTVALIN(9),VALJN(7)VAUIN(8) FXXAERO 40

7001 FORMAT(' CLSLOPE,CUINTCP,CLFLTNDX,FLAP =,3010.6028.1) FXXAERO 41
ENDIF FXXAERO 42

C"*" FXXAERO 43
C*"" FLAP RETRACTION FXXAERO 44

IF((FLAPFLO X41D. (VKCAS.GE.VKFLAP .OR. VKCAS.GE.VKFLPMX)A) .OR. FXXAERO 45
& (FLAPFLG AND. TIMEROLGE.(TDELAY+TFLP) FXXAERO 46
& CALL FRETRAC(FLAP,VKFLAP,DFLAPDT) FXXAERO 47

C*"" FXXAERO 4810C"*" SPOILER DEPLOYMENT FXXAERO 49W
IF(.NOT.(SPLFLAG) AND. TIMEROLGE.(TDELAY+TSPL)) THEN FXXAERO 50

SPLREND = 90.0 FXXAERO 51
CALL SPOIL('DPLOY',SPOILER,SPLREND,DSPLRDT) FXXAERO 52

ENDIF FXXAEPO 53
IF(LGRFLAG) THEN FXXAERO 54

C""* DETERMINE DELTA DRAG COEFFICIENT FOR I ANDING GEAR, DCDLGR, FXXAERO 55
C*"" USING CURVE LGRDRAG. FXXAERO 56
C CALL CUR VEL(KURNAM(XX)TABLE,TAI3LE,VALJN,VAERO(Y, FXXAERO 57
C & IDBUG,IEXTOR,LUMSG) FXXAERO 58

DCDLGR = VAERO(Y) FXXAERO 59
IF(HAGLGE.HGEAR) CALL GRETRAC(DCDLGR,DTGEAR,HAGL) FXXAERO 60

ELSE FXXAERO 61
DCDLGR = 0.0000 FXXAERO 62

ENDIF FXXAERO 63

B-94 Source Code Listing Appendix B



C"FXXAERO 64
C"" SUM INCREMENTS FROM CURVE FILES FXXAERO 65

CL = CLALPWALPHA FXXAERO 66
CL = CL +DCLSPL +DCI.X FXXAIERO 67
CD = CD + DCDSPL + DCDfLP + DCDREN + DCDLGR + DCDGE*(GEFACTR) FXXAERO 68

& + DCDCG + DCDWML+ DCDEOT + DCDX FXXAERO 69
IF ((NCOUNT.EQ.10.OR.STEADY) AND. FXXAERO 70

& (JDEBUG.EQ.7002.OR.JDEBUG.EQ.77T7.OR.JDEBUIG.EQ.9999)) THEN FXXAERO 71
WRITE(LUMSG,7002) (VAERO(I),I=1,10) F)O(AERO 72

7002 FORMATC VAERO(1),SPLDEFDCDSPLDCDREN,DCDLGRDCDGE,DCDCG,', FXXAERO 73
&' DGDWMLDCDEOT,DCLSPL = ',I I Fl 0.6) F)O(AERO 74

ENDIF FXXAERO 75
RETURN FXXAERO 76
END FXXAERO 77
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Sutwoutine GEFF,'f- r~

SUBROUTINE GEFFECT(HAGLSRATIO) GEFFECT 1
C SUBROUTINE GEFFECT(AlPHALHAGLDCLGEDCDGE) PARKS GEFFECT 2
C*"" 1148 SUBROUTINE SUPPLIES THE GROUND EFFECTI INCREMENTS TO THE GEFFECT 3
C"" AERODYNAMI1C COEFFICIENTS. THIS GENERIC SUBROUTINE PROVIDES GEFFECT 4
C*"* PREDICTED GROUND EFFECT EQUATIONS WHICH CAN BE MODIFIED BY THE GEFFECT 5
C*"" USER FOR A PARTICULAR AIRCRAFT. GEFFECT 6
C"" GEFFECT 7

COMiMONJRCRFT/ AOA3PTAR,B,GGPCTCLALPH,CONFIG,DTDTMX,FLT,GWT,HZI AIRCRFT 1
& LOADING,SWINGTHTMiAXWNGLOOPXLFM4AX AIRCRFT 2

COMMON(AERO/ CX.CYDADTCMD,DCDXýDCLX,DTDTGEXFLAP,FLPPCT,QS, AERO 1
& SPDBRKSPOILERVKCAS,VKTAS AERO 2

PARAMETER (ASL=661.48,FPSKTS=1 .687806,G= 32.174, CONST 1
& RX=57.29577951306,TSLF=50.0,ZERO=0.O) CONST 2

COMMONKCONSTI ASLSQR5,T WOO VR7 CONST 3
CHARACTER ENGGRP'3,FAILGRP'3,FAILMOD'5,FAILST'4,MVR'S,MANUVR'6, CHARV 1

& THRCRV*3,TI(OTYPE*7 CHARV 2
COMIMONICHARV/ ENGGRP,FAILGRP,FAILMO0D,FAILST,MVR,MANUVRTHRCRV, CHARV 3

& TKOTYPE CHARV 4
C"" B = WINGSPAN HZ = HEIGHT WING ABOVE TI1RES GEFFECT 12
C-" AR = ASPECT RATIO CLALPH = DCLJDALPIIA (DIMENSIONLESS) GEFFECT 13
C"' HAGI = ABSOLUTE ALTITUDE OF AIRCRAFT TIRES ABOVE RUNWAY GEFFECT 14

PARAMETER (F1=3.141 592615358979) GEFFECT 15
C"" HZB = HZIB GEFFECT 16
C' HB = (HZ +HAGL)IB GEFFECT 17
C*"" GEFFECT 18
C"*" SIGMA INTERPOLATION FORMULA. NACA TN D-970 GEFFECT 19
C"" 'EFFECT OF GROUND PROXIMITY ON THE AERODYNAMICO- ETC GEFFECT 20
C"" GIVEN BOTH IN-GROUND EFFECT AND OUT OF GROUND EFFECT AERODYNAMICS, GEFFECT 21
C""* THIS FORMULA PROVIDES A RATIO BETWEEN THEM AS A FUNCTION OF GEFFECT 22
C"" ALTITUDE (AGL). THE COMMENTED EQUATIONS BELOW SHOW HOW THIS RATIO GEFFECT 23
C"*" CAN BE USED IN THE CAWLNG SUBROUTINE. GEFFECT 24
C"' CDOUT =CO OUT OF GROUND EFFECT; COO = CDOAT FlkGL = 0.0 GEFFECT 25
C"" CLOUT a CL OUT OF GROUND EFFECT; CLO = CLAT HAGL =0.0 GEFFECT 26

SIGMAZ= (1.0 -1.32'HZBY(1 .05 + 7.4'HZ) GEFFECT 27
SIGMA a (1.0 -1.32'HB) 1(1.05 + 7.4'HB) GEFFECT 28
SRATIO =AMAXI (SIGMNJSIGMAZ,0.0) GEFFECT 29

C"" CL = CLOGE +SRATIO'(CLO - CLOGE) GEFFECT 30
C"' CD = COOGE + SRATIO'(CDO - COOGE) GEFFECT 31
C"" DCLGE -SRATIO*(CLO - CLOGE) GEFFECT 32
C"" DCDGE = SRATIO'(CDO - COOGE) GEFFECT 33
C"" GEFFECT 34
C"" PREDICTED GROUND EFFECT BY DR E K PARKS GEFFECT 35
C*"" WITHOUT IN-GROUND EFFECT AERODYNAMICS, THIS EQUATION PROVIDES AN GEFFECT 36
C"" ESTIMATE OF THE GROUND EFFECT INCREMENTS TO THE OUT OF GROUND GEFFECT 37
C"" EFFECT AERODYNAMICS. GEFFECT 38
C X = 25.94'HB"2 +1.0 GEFFECT 39
C DCDGE = -8.0'CL"21(AR'PI-3-X"2) GEFFECT 40
C DCLGE = 4.0'CL'CALPW(A~rPI"3'HB)'(X - SQRT(X)'CL)) GEFFECT 41

RETURN GEFFECT 4
END GEFFECT 43
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Subroutine FXXENG

SUBROUTINE FXXENG( AJTALPHAAMACH,NENG,PWRCODE,OS,VKCASXENG. FXXENG 1
& XIDLE,FE,FG,FNWFEPR) FXXENG 2

C~. THIS SUBOUTINE CALCULATE OR PERFORMS TABLE LOOKUPS TO DETERMINE FXXENG 3
C"'. THE NET THRUST AND FUEL FLOW FOR THE AIRCRAFT. THIS SUBROUTINE FXXENG 4
C".' AND ITS NAME ARE PROVIDED BY THE USER. FXXENG 5
C""' FXXEIIG 6

DOUMLEPRECISION DTIMEýDTIMEJ,11ME CTRL 1
PARAMETER (WIN=-3,LUOUT-4) CTRL 2
COMMONACTRUJ DTIME,D'TIMEJ,ICOUNTJDEBUG.KENG,UNENUM,WUMSG,NGOUNT, CTRL 3

& NEQNPAGE,11METIMEROL CTRL 4
COMMONNECTOPJ HVECTVVECT VECTOR 1
COMMON/RUINWAVI ABARGAOAABRIBRAKMU,BRKFCTR,GAMMARW,GRW.HAGL, RUNWAY 1

& HCLEAR,HFI.ARE~HGEAR,HRUNWAY,IMU,RCR,ROLLMUTIMEFLD, RUNWAY 2
& TIMEBRKTIMEFLPTIMESBK11MESPLXMU RUNWAY 3

DOUBL8PR4cSION FPVTASGAMMAR,FPDISTPRESALT,FPACCELDGDTR,VHAS, FPINTEG 1
& ROCRKAIR FPINTEG 2

COMMONIFPINTEGI FPVTAS,GAMMAR,FPDISTPRESALT,FPACCELDGDTR,VHAS, FPINTEG 3
& ROC,RKAIR(40) FPINTEG 4

COMMONIATMOSI TEMPR,PRESS,RHOFPSVICOSKDELTASIGMATHErAýDTEMPF ATMOS 1
PARAMETER (ASLi661l.48,FPSKTS=1.687806,G= 32.174, CONST 1

& RX(=57.29577951306,TSLF=590.,ERO=0.0) CONST 2
COMMONJCONSTI ASLSQR5,TWOOVR7 CONST 3
LOGICAL AOAOFLG,BRKLAG,CLRHGTERRFLAG,FAILFLG,FLAPFLG,FPCTFLG, FLAGS 1

& GER.AG,LGRFLAG,UFTOFF,OVERFLG,REVFLAG,REVRSE,ROTATE. FLAGS 2
& RTOFLAG,S5KFLA,SPLFLAG,SPOOLSTEADYTERMFLG,VECTFLG, FLAGS 3
& VFFLAG~WRrFITR FLAGS 4

COMMONIFLAGS/ AOAOFLG,BRKFLG,CLRHGTERRFLAG,FAILFLG,FLAPFLG, FLAGS 5
& FPCTFLGGEFLAG,LGRFLAG,UFrOFF,OVERFLG,REVFLAG, FLAGS 6
& REVRSE,ROTATERTOFLAG,SBKFAGSPLFLAG,SPOOLSTEADY, FLAGS 7
& TERMFLG~VECTFLG,VFFLAGWRmTR FLAGS 8

CHARACTER ENGGRP'3,FAILGRP'3,FNILMOD'5,FAILST'4,MVR'3,'4ANUVR'6, CHARV 1
& THRCRV*3,TKOTYPE*7 CHARV 2

COMMONICH4AVW ENGGRP,FAILGRP,FAILMOD,FAILST,MVR,MANUVRThRCRV, CHARV 3
& TKOTYPE CHARY 4

COMMONIRACURV/ IDBUG,IEXTOR,KURNAM(99) RACURV 1
COMMONIVALUES/VALIN(15),VFUEL(4),VIDLE(4),VUFT(2),VAERO(15) VALUES 2
COMMONJTABLES/FUIEL (1 72),TIDLE (1 19),TAER007(72),TAEROO8(88), TABLES 1

& TAEROO(9M),TAERO10(62),TAEROlI(91),TAER012(76), TABLES 2
& TAER0136),TAER014(73),TAERO15(4),TAER0l6(66), TABLES 3
& TAER017(68),TAER018(77),TAERO19(73),TAER020(76), TABLES 4
& TAER021 (76),TAERO22(81 ),TAERO23(74) TABLES 5

LOGICAL SPOOL FXXENG 18
REAL ATMARY(S) FXXENG 19
EQUWVALENCE (TEMPRATMARY(1)) FXXENG 20
DATA DVECTDT/10.0/ FXXENG 21
FE - 0. XEG 2
FG = 20000. FXXENG 23
CALL ATMOSPH(PRESALTATMARY) FXXENG 24

Appendix B Source Code Listing B-97



IF ((NCOUt4T.EQ.10.OR.STEADY) AND. M)OENG 25
& (JDEDU.EQ.8001 .OR.JDEBLG.E.O.88.OR.JDEBLUG.EQ.9999)) THEN M)OENG 26WRITE(LUMS,8001) (VAUJN(),I=1 ,6),SIGMA FXXENG 2

8001 FORMATC TAM4BF,PRESALT,VTT,DTEMPFAMCH,PWSEr,SIGMA = 'J, MXENG 28
& F1O.1,2F1 O.0,F1 0.1 F10.3,F1 0.1 ,F10.3) MXENG 29

ENDIF MXENG 30
VALIN(1) = AMACH MXENG 31
VALIN(2) = EPR FXJ(EN~G 32
VALIN(3) = PWRCODE FXXENG 33

C CALL CUR VEL4 KUJRNAMQoQTABLETABLE,VAUjN,VFUEL, MXENG 34
C IDBUG,IEXTORWLMSG) MXENG 35

C*"FXXENG 36
C"" VECTORED THRUST ANGLE REDUCTION FXXENG 37

IF (VECTFLG AND. (HAGLUiEMIECT AND. VKCAS.GE.VVECT)) FXXENG 38
& CALL 1VECTOR(VTANGLE,HVECTWECTDVECTDI) MXENG 39

IF ((NCOUNT.EO.10.OR.STEADY) AND. MXENG 40
& (JDEBUG.90.8002.OR.JDEBUG.EQ.888.C9.JDEBUG.EQ.9999)) THEN F)O(ENG 41

WRITE(LUMSG,8002) VFUEL MXENG 42
8002 FORMATC FG,FE,WFEPR = '0310.O,F1 0.3) FMENG 43

ENDIF FXXENG 44
CORAM = FEIQS FXXENG 4.5
FN =FG*COSD(ALPHA + AlT) - FE FXXENG 46
WF =4000. FXXENG 47

FXX* ENG 48
C** CALL SPOOLUP FOR ROLLNG TAKEOFFS FXXENG 49

It: (1KOTYPE.EQ.'ROWNG' AND. (.NOT.SPOOL)) THEN FXENG 50
CALL SPOOWUP(.0.,TIME.FLOAT(NENG)'XIDLEXENGSPOOLXENG) FXXENG 51

Eý801F(TKOTYPE.EQ.'ROWNG' .AND. ( SPOOL))THEN FXXENG 52 W
SPOOL =-FALSE. ' FXXENG 53
TKOTYPE = 'SPOOLED' FXXENG 54

E#0JDIF FXXENG 55
RETURN FXXENG 56
1011) FXXENG 57
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Subroutim SPOOLUP

SUBROUTINE SPOOLUP(ENGNDXT1EENG0XENGTRN,SPOOLXENG) SPOOLUP 1
C"" ThIS SUBROUTINE DETERMINES THE RATIO OF THRUST TO TAKEOFF RATED SPOOLUP 2
C"" T IRUST DURING A ROLUNG TAKEOFF USING SUBROUTINE TABINT AND DATA SPOO.UP 3
C"" ARRAY SPOOLA. THIS SUBROUTINE IS JUST AN EXAMPLE AND DOES NOT SPIOLUP 4
C"" APPLY TO ALL AIRCRAFT. SPOOLUP 5
C"" SPOOLUP 6

DOUBLE PRECISION TIME SPOOUJP 7
LOGICAL NDXSETSPOOL SPOOLUP 8
REALSPOOLA(26) SPOOLUP 9
DATA SPOOLAI 0.0, 2.0, 4.0, 6.0, 8.0,10.0,20.0,30.0,0.0,1.0, SPOOLUP 10

& 0.37,).37,0.37,0.37,0.37,0.37,1.00,1.00, SPOOLUP 11
& 0.37,0.37,0.37,0.37,0.37,0.37,1.00,1.00/ SPOOLUP 12

IF(.NOT.(NDXSET)) THEN SPOOLUP 13
C"" INITIZE PREVIOUS SPOOL FACTOR, SPOOLXJ, START TIME, TIMEZ, SPOOLUP 14
C"" AND ENGINE LOOKUP INDEX, ENGNDX. SPOOLUP 15

NDXSET =.TRUE. SPOOLUP 16
SPOOL = .FALSE. SPOOLUP 17
SPOOLXJ = 99.0 SPOOLUP 18
TIMEZ = FLOAT(ME) SPOOLUP 19

ENDIF SPOOLUP 20
TIMEDIF = FLOAT(TIME) - TIMEZ SPOOLUP 21
IF (TIMEDIF.GE0.0 AND. TIMEDIF.LT.30.0) THEN SPOOLUP 22

SPOOLXJ = SPOOLX SPOOLUP 23
CALL TABINT(IMEDIFSPOOLXENGNDX,8,2,SPOOLA(1),INDEX) SPOOLUP 24
XENG = XENGO + XENGTRN'SPOOLX SPOOLUP 25

ELSEIF(TMMEDIF.GT.0.0 AND. SPOOLXJ.EQ.SPOOLX) THEN SPOOLUP 26
C*"* THROTTLE TRANSIENT COMPLETE. RESET NDXSET FLAG AND SET STATUS SPOOLUP 27
C"" FLAG TO .TRUE. SPOOLUP 28

NDXSET =.FALSE. SPOOWUP 29
SPOOL =.TRUE. SPOOLUP 30

ENDIF SPOOLUP 31
RETURN SPOOLUP 32
END SPOOLUP 33
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Subroutine SPOOLD)NF

SUBROUTINE SPOOEMENGEND4CENG TRNSPOOLXENrjWMSG) SPOOLDNF 1
C"" THIS SUBROUIJ~NE DETERMINES THE TOTAL NUMBER OF ENGINES REMAINING SPOOLDNF 2
C"" DURING A THROTTLE CHOP OR RJEL CUT USING SUBROUTINE TABINT AND SPOOLDNF 3
C" DATA ARRAY SPOOLA. THIS SUBROUTINE IS JUST AN EXAMPLE AND DOES SPOOLDNF 4
C** NOT APPLY TO ALL AIRCRAFT. SPOOLDNF 5
C*m' SPOOLDNF 6

CHARACTER ENGGRP'3,FMILGRP*3,FAILMOO'5,FNILST'4,MVR'3,MANUVR'6, CHARY 1
& THRCRV'3,TKOTYPE'7 CHARY 2

COMMONOICARV/ ENGGRP,FAILGRP,FAILMOD,FAILSTMVR,MANUVR,THRCRV, CHARY 3
& TKOTYPE CHARY 4

DOUBLE PRECISION TIME SPOOLDNF 8
LOGICAL NDXSET,SPOOL SPODF 9
REAL SPOOLAi(56) SPOOWDNF 10
DATA SPOOLNI 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, SPOOLDNF 11

& 2.0, 2.5, 3.0 4.0, 5.0, 6.0, 7.0,1 0.0,0.00,1 .00, SPOOLDINF 12
& 1 .00,0.85,0.84,0.44,0.35,0.27,0.23,0.20,0.18,0.1 7, SPOOLDNF 13
& 0.16,0.14,0.11 ,o.10,O.08,o.07,0.06,QeCC, SPOOLDNF 14
& 1 .00,0.85,0.64,0.44,O.31 ,0.21 ,0.15,0.12,0.10,0.06, SPOOLDNF 15
& 0.07,0.06,0.04,0.03,0.02,0.01 ,0.00,0.00/ SPOOLDNF 16

IF(.NOT.(NDXSET)) THEN SPOOLDNF 17
C"" INITIALIZE PREVIOUS SPOOL FACTOR, SPOOLXJ, START TIME, TIMEZ, SPOOLDNF 18
C"" AND ENGINE LOOKUP INDEX, ENGNDX. SPOOLDNF 19

NDXSET = .TRUE. SP(9LDNF 20
SPOOL =.FALSE. SPOOLDNF 2

I NNF =FIS.E E 0.0N SPOOLN 22F
IF ND 0FJS.E0'DE)TE SPOOLDNF 23

ELSEIF (FAJLST.EO.'OFF I THEN SPOOLDNF 24
ENGNDX = 1.0 SPOOLDNF 25

ELSE SPOOLDNF 26
WRITE(LUMSG,1001) FAILST SPOOLDNF 27

1001 FRMATC INVALID FAILST PASSED TO SPOOLDNF, FAILST ' A5) SPOOLDNF 28
ENDIF SPOOLDNF 29
SPOOLXJ = 99.0 SPOOLDNF 30
TIMEZ = FLOATMTME) SPOOLDNF 31

ENDIF SPOOLDNF 32
TIMEDIF = FLOAT(TIME) - TIMEZ SPOOLDNF 33
IF(SPOOLXJ.NE.SPOOLX AND. XENG.GT.XENGEND) THEN SPOOLDNF 34

SPOOLXJ = SPOOLX SPOOLDNF 35
CALL TABINTMTMEDIFSPOOLXENGNDX,18,2,SPOOI.A(1),INDEX) SPOOLDNF 36
XENG = XENGTRWSPOOLX SPOOLDNF 37

ELSE SPOOLDNF 38
C'"' THROTTLE TRANSIENT COMPLETE. RESET NDXSET FLAG AND SET STATUS SPOOLDNr- 39
C"" RLAG TO .TRUE. SPOOLDNF 40

NDXSET =.FALSE. SPOOLDNF 41
SPOOL = .TRUE. SPOOLDNF 42
XENG = XENGEND SPOOLDNF 43

ENDIF SPOOLDNF 44
RETURN SPOOLDNF 45
END SPOOLDNF 46
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Subroutine SPOOLDNR

SUBROUTINE SPOOLDNR(TMEXENENDXENTRN,SPOOLXEN,WMSG) SPOOILDtR 1
C"" THIS SUBROUTINE DETERMINES THE TOTAL NUMBER OF ENGINES REMAINING SPOOILNR 2
C"" DURING A THROTTLE CHOP OR FUEL CUT USING SUBROUTINE TABINT AND SPOOLDNR 3
C"" DATA A.SRAY VWCCIA. 'r1,45MRr.S WiE IS JUST ANt EAAPLE AND DOES SPOOLDNR 4
C"" NOT APPLY TO ALL AIRCRAFT. SPOOLDNR 5

C"*SPOOILDNR 6
CHARACTER ENGGRP*3,FAILGRP*3,FAILMOD'5,FNILST'4,MVR'3,MANUVR*6, CHARV 1

& THRCRV3TKOTYPE*7 CHARV 2
COMMON~~HARVI ENGGRP,FAILGRP,FAILMOD,FAILSTMVR,MANUVRTHRCRV, GHARV 3

& TKOTYPE CHARV 4
DOUBLE PRECISION TIME SPOOILDNR 8
LOGICAL NDXSETSPOOL SPOOLDNR 9
REAL SPOOLA(56) SPOOLDNR 10
DATA SPOOLAI 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, SPOOLDNR 11

& 2.0, 2.5, 3.0 4.0, 5.0, 6.0, 7.0,10.0,0.00,1.00, SPOOLDNR 12
& 1 .00,0.86,0.64,0.44,0.35,0.27,0.23,0.20,0.18,0.17, SPOOLDNR 13
& 0.16,0.14,0.11,0.10,0.08,0.07,0.06,0.06, SPOOILDNR 14
& 1.00.0.85,0.64,0.44,0.31,0.21,0.15,0.12,0.10,0.06, SPOOWLNR 15
& 0.07,0.06,0.04,0.03,0.02,0.01,0.00,0.00/ SPOOLDNR 16

IF(.NOT.(NDXSET)) THEN SPOOLDNR 17
C"" INffAL1E PREVIOUS SPOOL FACTOR, SPOOLXJ, START TIME, TIMEZ, SPOOLDNR 18
C'tm  AND ENGINE LOOKUP INDEX, ENGNDX. SPOOILDNR 19

NDXSET =.TRUE. SPOOLDNR 20
SPOOL =.FALSE. SPOOLDNR 21
IF (FAILST.EQ.IDLE) THEN .SPOOLDNR 22

ENGNDX z 0.0 SPOOLDNR 23
EL.SEIF (FAILST.EO.%OFI )THEN SPOOLDNR 24

ENGNDX = 1.0 SPOOLDNR 25
ELSE SPOOLDNR 26

WRITE(LUMSG,1001) FAuLST SPOOLDNR 27
1001 FORMATC INVALID FAuLST PASSED TO SPOOLDNF, FAILST ='A5) SPOOLDNR 28

SODF SPOOLDNR 29
SPOOLXJ = 99.0 SPOOLDNR 30
TIMEZ = FLOAT(TIME) SPOOLDNR 31

ENDIF SPOOLDNR 32
TIMEDIF = FLOAT(7.ME) - TIMEZ SPOOLDNR 33
IF(SPOOLXJ.NE.SPOOLX AND. XENG.GT.XENGEND) THEN SPOOLDNR 34

SPOOIXi = SPOOLX SPOOLDNR 35
CALL. TABINTMTMEDIFSPOOLXENGNDX,18,2,SPOOL(1 ),INDEX) SPOOLDNR 36
XENG = XENGTRN'SPOOLX SPOOLDNR 37

ELSE SPOOLDNR 38
C"" THROTTLE TRANSIENT COMPLET. RESET NDXSET FLAG AND SET STATUS SPOOILDNR 39
C" FLAG TO.TRUE. SPOOLDNR 40

NDXSET -.FALSE SPOOILDNR 41
SPOOL =-.TRUE. SPOOILDNR 42
XENG = XENGEND SPOOLDNR 43

ENDIF SPOOLDNR 44
RETURN SPOOLDNR 45

END SPOOLDNR 48
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Subruatine GENU04

SUBROUTINE GENUU(VKTGSWT.44AM(MAN OEYCG) GENMU 1
C*"" THIS SUBROUTINE PROVIDES THE BRA~iNG COEFFICIENT OF FRICTION. GENMU 2
C"*' GENMU 3

DOUBLEPRECISION DT1MEDT1MEJTIME CTRL 1
PARAMETER (LUIN=3,LUOUT=4) CTRL 2
COMMONICTRIJ DTIME,D11MEJ,ICOUNTJDEBUIG,KENG,UNENUM,LUMSG,NCOUNT, CTRL 3

& NEQ,NPAGETIMETIMEROL CTRL 4
CO91MON~RUNAYI ABARGAOAABRKBRM*U,BRKFCTR,GAMMARW,GRWV,HAGL, RUNWAY 1

& HCLEAR,HFLAREHGEAR,HRUNWAY,IMU,RCR,ROLLMU,11MEFLD, RUNWAY 2
& TIMEBRK,11MEFLPJTIMESBKTIMESPLXMU RUNWAY 3

PARAMETER (ASL=61 .48,FPSIKTS=1 .687806,G= 32.174, CONST 1
& RXz57.29577951308,TSLF=59.0,ZERO=O.0) CONST 2

COMMONICONST/ ASLSQR5,1WOO VR7 CONST 3
COMMONIRACURVI IDBUGJEXTOR,KURNAM(99) RACURV 1
COMMON/VALUE&VALN(15),VFIJEL(4),VIDLE(4),VUFT(2),VAERO(15) VALUES 2
COMMONITABLES/TRJEL (1 72),TIDLE (1 19),TAEROO7(72),TAEROO6(88), TABLES 1

& TAEROOO(7),TAEROIO(62),TAERO1 1(91 ),TAERO12(76), TABLES 2
& TAER013(64),TAERO14(73),TAERO15(4),TAER016(66), TABLES 3
& TAER017(86),TAER018(77),TAER019(73),TAER020(76), TABLES 4
& TAERO21 (76),TAERO22(81),TAERO23(74) TABLES 5

C"" GENMU 1
C*"' F-XX CONSTANTS GENMU I1I
C*"* XMAIKN = DISTANCE MAIN GEAR TO CG LOOMAIN = MAIN GEAR LOAD GENMU 12
i.." XNOSE x DISTANCE NOSE GEAR TO CG LOONOSE= NOSE GEAR LOAD GENMU 12
C"" YCG = HEIGHT OF CG ABOVE GROUND WTML =WEIGHT - LIFT GENMU 13@0

XMAIN = 9.25 GENMU 14
XNOSE = 54.92 GENMU 15
YCG = 14.00 GENMU 16

C*"" GENMU 17
C"" IMU=O USE CONSTANT MU MODEL; IMU=1I USE MAXMU CURVE GENMU 18
C"" IMU = 2 USE GENERIC DRY RUNWAY; IMU = 3 USE GENERIC WET RUNWAY GENMU 19
C"" IF IMU = 0, GENMU IS NOT CALLED BY DERIVGR. GENMU 20

IF (IMU.EO.1) THEN GENMU 21
C*"" RANDOM ACCESS CURVE MA)XW GENMU 22
C VAIJN(13) = WTML'VKGS"2/1.0E409 GENMU 23
C VALJN(14) =RCR GENMU 24
C CALL CUR VEL( KRNAM(19),TAERO19,TAERO19,VALIN,VAERO(12), J.ENMU 25
C & IDBUG,IEXTOR,LUMSG) GENMU 26
C BRAKMU = VAERO(12) GENMU 27
C IF (NCOUNT.EQ.10 AND. GENMU 28
C & (JDEBUG.EQ.7003.OR.JDEBUIG.EQ.7m7.OR.JDEBU)G.EO.q999) THEN GENMU 29
C WR1TE(LUMSG,7003) VAERO(12) GENMU 30
C7003 FORMAT( BRAKMU = ',F1 0.3) GENMU 31
C ENDIF GENMU 32

Et.SElF(IMU.E0.2) THEN GENMU 33
C"*" DRY RUNWAY GENMU 34

VKTGSX = AMAXI((130.0 -VKrGS),ZERO) GENMU 35
BRAKMU = (0-480- VKTGSn'.001 27) GENMU 36
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ELSElF(kMU.EQ.3) THEN GemU 37
C"" WET RUNWAY GENIMI 28

IF(VKrGS .LT. 50.0) BRAKMU 3 (0.3630 -O.O0O73rVKTGS) GF~#jU 39
IF(VKTGS .GE. 50.0) BRAKMU - (0.306- 0.0022300V?'TGS) G4te4U 40

ENDIP GeNm 41
BRAKWU = BRAKkMUIAFCTR GENMU 42
XMU u ORAKMU GENMU 43
RETURN G8IMU 44
END GBIIMU 45
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APPENDIX C: MICROSOFT FORTRAN COMPILER INFORMATION

This section describes the internal software structure used to generate the TOLAND libraries and
executables with the MicrosoftTM FORTRAN compiler (version 5.1 or later). The location of the
subroutines within each library is also detailed.

Executables (.EXE files) are generated from the user provided source code and the following libraries:
CURVE.LIB, PANDFQLIB, and TOLAND.LIB. The libraries (PANDFQ and CURVE) satisfy external
references for UFTAS subroutines such as TABINT, HORP, STASK, and other random access curve file
subroutines. The TOLAND.LiB library contains the following object libraries: LIBMAIN.OBJ,
LIBTKO.OBJ, LIBLND.OBJ, and LIBGRND.OBJ. These object libraries are generated from their source
library counterparts: LIBMALN.FOR, LIBTKO.FOR, LIBLND.FOR, LIBGRND.FOR, and
LIBGENU.FOR, respectively. LIBGENU.OBJ is not included in TOLAND.LIB. Because many of the
generic subroutines will be replaced by user specific subroutines, any generic subroutines within the
executable file must be explicitly added during the build process. Individual generic subroutine object files
are provided for this purpose or a user may generate their own custom general user object library
(LIBGENU.OBJ). This object library (along with TOLAND.LIB and user TOLAND source file) would
comprise the program list for the executable file build. Table C-I indicates which subroutines are contained
within each library.

TABLE C- I
SUBROUTINE LOCATIONS

LIBMAIN LIBTKO LIBLND LIBGRND LIBGENU
INITIAL 1 TAKOFF I LANDNG ROLL hNICURV
INTX DERIVAT STEDYST DERIVGR FORCEX
INTG ERROR FLARENZ FXXAERO
HALT APPROCH GEFFECT

ATMOSPH FLARE FXXENG
SPEED DERIVAL SPOOLUP

IN'rERP ITRLND SPOOLDNF

DGDT SPOOLDNR
DVDT GENMU

DVTDH FRETRAC
DADH GRETR1AC

DDELTDH PITCH
DSIGDH SPDBRAK

ZEROX SPOIL
_TVECTOR

All common blocks for the TOLAND program are contamned in separate files with the .CMN extension.

External references satisfied with PkNDFQ.LIB, a general purpose flight dynamics liorary, are found
within four subli! raries. LIBAERO, LIBARRAY LIBTRIG, and LIBUTEL. These sublibrarieF contain
aerodynamic, array processing, trigonometric, and miscellaneous subroutines, respectively.

LIBAERO contains UFTAS routij,ws HORP, MACH, QORV, SRHOS, STASK, and VCMACH.
LIBARRAY contains UFTAS routines DIVC, IDEN1, I"NVERS, and NORM. LIBTRIG contains routines
COSD, SIND, and TAND; they accept arguments in degrees instead of radians. LIBUTIL contains UFTAS
routines LBLSORT, P.DBFLE, "ABINT and WPSDIFF WPSL, FF is a new name for DUZ2 which
performed wild-po'nting, smoothing and differentiation of time history data.0
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Program compilation, input file editing, program execution, output file viewing and output file printing are
accomplished with dCOM Directory CommanderTM rwa,,ros. The macro file is named TOLAND.MAC and
should be stored in the dCOM subdirectory. The output file printing macro adds a filename, date/time tag
to the print spooler and also formats the output to landscape mode.

0

C-2 Microsoft FORTRAN Appendix C
Compiler Information



2.

I

, �.

)

I

p..

I
*

A

£2
*

- -� -<-.�



014 911
r. ca C0 (

0 0 0

oro-

-Z bra

4. 0)4

oz.

be

An&- D. Noenlam yD-1



00

CU Q

0 040
IJ-d

V

bQ 0. -a-

-0 a~ 7r .2. U =: t

4. 
4)

0 0:ý M-0 0

<~~~ ~ ~ ~ <* < ammuuu

2Z~

D-2~ ~ ~ Coeclu Apedi-



h1I1L

0

P4 1 0

0 -0

00)

A~

M Ia
C6 A

to0
a g1

a6~I .I
Apeni D oeclw -



"Ut

0

00

CU 'S

c o WO

00 (8U .0 g>

45 0 A -(UZ .

'Z 11 . 0 ~.1 1 ") (UC

0 r-U 1.( U .a

0 0

D-4 Noinenclazure Appendix D



I N '.4 110

61.I

ar4) 4

OfU u

~- I ~ W

>.o

U 0 u

a: M.C-M0

W ~.

COI0

ApedxDNmnltr -



0 I D

s.0 L

vo .00
.5 .2 E

00 I= L)09

0

-d6...

D-6 Noecltr - pe - 0 0 u D



*z

'.Q4

0 >z Z

46.. 1,00 >

IS. .§ .§ :§ :

0 Ur 0 >O

th ra E E r CU

X 00

Appendixoa D) Noecatr-



406

I I I

C c

C U

to-
=00

.0 0

- + .+ C . -Cu+ + ++ ++ .o-o+
.• .0..0~.+ • 0 + .2 -

- - -+ - - + -+-
0 o

0. 0. lo

n l 0e

D-8 Norneaclature Appendix D



zz

00

00 0

oe M

o - ;

Gn 04 Cfl U 4) U U

ri

0

ApenixD omncatreD-



0 0

o o

50.0

00 In

00 0 0 Q 0o

uu ;5 b - t '
.0) Z: to Z

CO)

s- 0

cc

Eu I

LP C\)

R Cu P --P



0 o

00

cc cc) cc 0. 0. . 0 0 m o

.. 0 .0.0 .00.0 .0.0 0

0

0~ 00-~.

Ot c

0~=2 000~C

.- u uo0 )0
W~ tn.I00-~0-

U ~* .. 4) ~ 4)

0n <

4) ~ ZC~ LL~.LL

> >>>> >- >> > > >>>

Appenaix Nu,,;-,nclaturc D-11



>4 4 e.4

43J IV 92

is I
og

00

.; a
T au

0 >

02 0 JS

000 N"

:6. .06 .2u

e) c

C4'

o o -.
C02 n co O)C 0 .0 ov Eu

S .-- >
- >z q *6)X,,9za

D-1 Noecltr 0ppedix



1!12
000

0*9

oJo

to kLj

E E

beb

ra

ca Ac -

-r .C X x It :;

Ipe~ D Ioelu D-13



"Itis page intentonaily left blank.

D-14 Nomenclamme Appendix D



S .

I 'V.5: 4,
-t ,, -s* -I.4,

1' t,
4, 4

411,

*1'

� �

S
P.

*
V. ./ - -

- . 4-St

- p

-t

V

S .. P, I
fl:� 51�

A

9*

S



APPENDIX E: INDEX

-A-- mo-pbm
deaity. See RHO.

ABARG, 39, D-1 promas . See PRESS.
ACCEL, 17,28,41, D-I temperaue (R). See TEMPR.

, ..eioi. avenge deceiration during ground roll. See
doe to gravity. See G. ABARG.
flihitiL See FPACEUL
grad rot See ACC.L

AMRO, 22.23,24,26.28,29,30,34, D-2, D-3, D-4, D-7, -B--
D-10,D-1i B. See wingopma.

AFPS, 42. D-I Bilgral•, 53
AIRBORN, 25,26, 27.28, 31, 32,42, 2. 4.7 braking rwen.3 eC switct See IMU.
AIRCRFr, 25.26,27,29,31, 32,33,37, 1,2.4.5,6 BRAKMU, 5,15,22,39.40. D-2
AIRSPED. 22,23,24.28, 30,38. D-10, D-1I BRK 15, 18.39, D-2

SmBRKFIAG, 44, D-2
aWgbraki tuminsionz speed. See VKORIC.

* speed. See VKAPP.
braking m jPeedI See VIKBRAKL
calbiwed ainspeed. See VKCAS.crm -i ac, pme See VCASOIJ. CD, 2 8, 17,22,34,49,A-1.A-3, D-2, D-3
ent clinfimai d. See VKFALMUnur of gravity (as a function of MAC) See CGPLC.
tog= haij rspeed See VKFAI. CGPCr, 722, 33, D-2

lisp limit airslped. See vKMX OIARV, 22.23,24,28,46, D-3. D-4. D-7, D-9, D-10
flap mit arspeed See VKFLP CmDx, 22, 51, D-6. D-7
bzoumatai See VVjAA. Ct, 2 8, 17,22,23.28.34. A-1, D-2, D-3rotation. See VKROTAT. 

CLALPH. 22 33, D-2Sma SeeVKOTART. cimbout akitudes See HW.MB. HCLMOUT.
read See VKTAS, VTAS. XuRiGr, 4tlihbtpa te airspeed. See PPVTAS. .CMN file extsim C-Itr(neazin1 ). See VKEND. coefficient of friction.

AIT, 22= 35, D- aircrakn. See XMU.
PHA, 3,4,14.17.22,23,24.26,28.29,30,44- D-1 brikn.& See BRAKMU.

Al.BA, 37. D)-i iling. See ROUJMU.
altitude (AL). See HADL CN . 8, 22Z 33, D-2

akdu& (AG) See HB, .CONST, 23.24,26,28,29,30,43. D-2. D-5. D-8, D-10,
4-101jono ee (ILJ , HL~t~r.D-12

flt See HFARF-1guro laracion. HIOEAR. COSD, 0-1
uariunm. See HMAX. CTRL 22,23,24,26,28, 29,30,31. D-3. D-6, D-7, D-9

See H eX amve file m s wray. See KURNAK

nmmway. See HRUNWAY. CURVE3.AIB, CDI
AMACMA 22,23. 29 35. D- CX, 34, A-I, D-2* 1)-I Alar.CY, 34,A-I, D-2

Angle of Mrack.
aBra. See ALPHA

lI aking. See AOAABR .
drepitmitude See AOA3PT.

thic-po vmxý- Se AO3FrDAmE. 30, C-I, 1)-5deivauive with respec to ume. See DADT. DADT, 17, D-2AOAO., 33. 44, D-2 DDr 7 -
AOA3Fr, 4,7,22,33, D-2 DADTCMD. 3,4.5.8,27.39,53,54.2
AOA3ARC 4.5,21516,38,39, D-2 DATA, 7,33,34,38.39.40,4Z 46,47, D-2, D-3, D-4. D-5

APPROCQ 22,23,27,31, 35. C-1, D-1, D-5 DATA2. 7,33,34,35,38.39.46,47,51. D-2 D-3. D-4,

AMt22, 33, D-1 D-6, D-7. D-8, D-9. D-1 1. D-12

Aspea Raio See AR. DCDCE. 23, D-3

AS-.43,D-1 DCDLGR- 24,49. D-3

ASLSQR5,43, D-1 DCDX.8, 17.81,34, D-3
ATMOS. 23.24.26,28.2930.42. D-1. D-3. D-7. M-8. DCLG., 23. D-3

D-9, D-10 DCLX. & 17. 1. 34, D-3
ATMOSM 29, C-i, D- D-7 OM m , C-2
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drm caieuffic See CD. FE, 22, 23,35, A-I, D-4
roumi effect inmmnm. See DCDGE.R , 223,35, A-1, D-4
ladiag ge, i . See CDL( FCT, 9, 17,35, D-4
u-e incmema. See DCDX. FINDV, 24,26,30, D-4

DIELTDH, 30, C-i, D-5 FLAGS, 22,23,24,26,28,29,44, D-2, D-4, D-5, D-6,
DELTA. 42, D-3 D-7, D-10, D-1I
deita tempuwuefrom standard day. See 1DTEMPF. FLAP, 3,7,9, 13,17,18,21, 22, 24,34.44,46,47, D-3,
delta time for integratio See DTIME D-4
deaime for engie faiure. See DTFAD.. fltopq d m a See FFCTr.
denty aro See flo p t rnes• See VKFUM
DERIVAL, 20, 21,28,41,44, A-I, C-I, D-I flp remactio See FRETRAC.
DERIVAT, 20,21,29,41,44, A-I, C-I, D-I FLAPO, 17, 18,23, D-4

DERIVGR, 20.21,29,41,44, A-I, C-1, D-1 FLAPDAT, 23,24,48, D-4, D-6, D-7. D-10

DRP'D, 13,24,48, D-3 FLAPFLG, 44, D4

DG• T, 26, 30, C-1, D-1, D-4 D-5 FLARE, 4, 14,17,20,24,27,28,31, 39, A-2, C-I, -1-,
DGDTR 41, D-3 D-5, D-7, D-1,•
DIST, 28, 41, D-3 lime =ao heighL See MARE

distmce FLARENZ, 14,20,21,24,27,45, A-3, C-I, D-I, D-5, D-

air distmmc See DIST, FIIST. D-6,D-8, D-9, D-9, D-1, D-12
groundd dsae. See GDIST. FLPARY, 13, 48, D-4, D-6, D-7

DIS1TMAX, 3. 11, D-3 FLP ,T 7, 9,2Z, 34, 44, D-4

DIVC, C-I FLT, 9, 17,18,33,1)-4
DSIGD-I 30, C-1, D-5 FLTNDX. 9, D4

DTDT, 17, 37, D-3 FORMX, 7, 8, 9, 10,13, 14,20,22, 24,26,28,33,34,35,
1TDIrGEX, 24,28, 34, D-3 36,47,48,49,50, A-I, C-I, ID-I, D-2
DI1DTX, 14,22, 33, D)-3 flightPlh
DTEMPP, 7, 17,18,29,42, 1)-3 acceleration. See ACCEL, FPACCEL

DTFAIL. 5, 6 8.35,44, D-3 an*-
DTGEAR, 24,49, D-3 in degmes. See GAMMA.
D1TiME, 3,8,17,24,28,31,32, D-3 in radis= See GAMMAR.

DTEMMJ, 31, D-3 derivative with respect to time See DGD1)TR

DVDT, 26. 30, C-I-l. D-4. D-5 distance. See FPDIST.
DVECTUT, 13, 24, 50, D-3 FPACCEL, 3,17,41, D-4
DVTDH, 30, C-i, D-2, D-I I FPCTFLG, 44, D-4

D1UZ2. See WPDIx. IDIST, 41, D-4
EFINTEG, 23,24,28, 29,30,41, D-3, D-4, D-5, D-7, D-8
FPSKTS, 43, D4
FPVTAS, 26,30,41, D-4
FRETRAC, 21.22, C-I, D-4

ENGGRP, 5,6,8,17,44,46, D-3 fue flow. See WFUEL
ENGINE, 22,23,24,26,28, 29,35, D-I, D-3, D-4, D-7, FXXAERO, 12, 13,20,22, 24,28,34,38,48,49, C-1

D-9, D-I, D-12 FXXENG, 13.20D22, 23,31,35,45, 50, C-1. D-6, D-7

cog= faiMm mode See FAIMOD.
engine famh .pee& See VKFADL G-
engine failure st See FAIST. G,43,1)4.ain IPm rbo. See EPR-G 3 -
ENGNDX, 23. D-3 GAMMAA, 17. D-5

Se, 8, 9,23,35,47, D-3 GAMMAPP, 4,14,27,28,37, D-5

ERRFLAG, 29,44. D-4 GARMAR, 26, 29,29, 30,41, D-5
ERLG, 2129,33,C-1D4 GAMMARW, 7,39,1)-5
ERROR. 21,29, 33, C-i, D-4, D-6, D-8 1GDIST, 17,28, D-5

GEARDAT, 23,24.49. D-6, D-7
--- • GEPF T, 22,23,33, C- 1, D-2, D-3, D-5

FAI G, 44, D-4 GEFLAG, 44, D-5
FAR.MP, 5.6. & 44,46. D-4 GENMU, 15,22,23,39,40, C-I, D-1 1. D-12
F.AM , 5. 6, 9,46. D4 glidesiope. See GAMMAPP.
FAILUM , 5, 6. , 10. 17.35,44. D-4 GRETRAC, 21, 24,49, C-I1. D-3, 1)-5
fa- made See56 A10735. gm I st. See Fi.

userhadjdsSeALM . Set i•1•T.
fa e strae. See FAILST ,,u weh See GWT, GWTO.
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rgomud effect See GEECr. LGRARY, 49, D-6A D-7
gnomadip-ed. See VTGS. VKIGS. LtGRPAG. 24, 4,D-6

uinimmm culzoL See VKMCG LBARRAY, C-I
GRW. 39, D-5 LBAEaO, C-I
GWT, 17,28,30,33,47,54,1D-5 LIBGRND. C-I
GWTO, 7,17,23,33,46, D-5 LIBGENU, C-I

LUBLND, C-!
LIDMAIN, C-1
UJBTKO, C-I

HAGL, 17.23.24,28,39.44,1D-5 L ,BTRIGC-I
HALT, 29, C-1. D-5 I-OTInL. C-I
bemdwind ecmh1 . See VKWIND. LJFOFF. 3. 44, D-6
HCLEAR, 3,4.7, 17, 18,20,21,24,2,39,44, D-5 liftcoefficien. See CL.
HC ,MB. 3. 11 ,12, D-5. D-9, D-10 ground effet incremnt See DCQG
HCLNOUT, 3.11,12, D-5, D-9, D-10 UFaD See DCL-X
HRARE 1,.4,14,17. 18,20,21,24,27.28,39,44,46, LNENLM, 31 D-6

A-2. A-3, D-5 LND, 7, 14,37,38,39,46, D-I, D-5, D-8. D-I I
HGEAR, 11, 39,49, D-6 LND2, 7,14,33,45,46, D-3. D-8. D-12
HORP, C-I LOADING. 9, 22,33, D-6
HMAX 3, 11, 47, D-6 logica units for input ad outpuL
HRUNWAY. 8,2, 39,41, D-6 curve file. See LUCURV.
HVCrARY, 13.50, D-6, D-7 input. See LUIN.
HZ, 22,33, D-6 messages See LUMSG.

output. See LUOUT.
LUCURV, 51. D-6
LUIN, 29,31, D-6

ICOUNT. 31, D-6 LUMSG, 9, 23, 29. 31, D-6
IDBUG, 9,51, D-6 LUOUT, 9,24,29,31, D-7

O IDENT, C-I
MAP., 4&, D-6
I ,EAR. 49, D.6
IMU, 15, 39, 46, 47, D-6 MACI (suabrtine), C-I
INICURv, 2,22,51, C-1 Mach number. See AMACHI
NmrAL, 23, C-I, D-1. D-4, D-8 a . See MANUVR, MVR.
INM 23.24,29.41, C-1, D-1, D-3, D-& D-1 I MANUVR. 24,46,47, D-7
Inleffaal PSIM SeeD mUMMu aunrspeed. See VKEND.
nTERP, 30. C-1, D-2. D-13 maximum atitude. See HMAX.

INTM , 28, C-I, D-3, D-5, D-1 I maximum distance. See DLSTMAX
INIX. 20. 24,2&, C-1, D-l. D-3, D-7. D-4, D-9 MAXSIF, 48, D-7
INVERS, C-I MAXSIZG, 49, D-7
rIRLND, 26,27,29, C-1, D-3, D-4, D-6 D-10 MAXSIZV, 50, D-7
PAM 50. D-6 minimum control growudape See VKMCG.

minaimum intmerval takeoffs, I. 12
MVR, 47, D-7

JDEBUG, 9.31, D-6 N

DATA. 7

KENG, 3 1, D-6 DATA2, 7
KURNAM, 51, D-6 LND, 7

14D2M 7
R•OL, 7
ROL2, 7

landag pr retrction. See GRETRAC. TKO,7
akde. See HGEAIR TKO2, 7

hlaft pag dmag. See DCDLGR." TKOARY. 7SLANDtG, 19.20,24,37. C-1. D-1 NASAT KAND. I
LALSORT, C-I MdOUNT. 31, D-7
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NENG. 22, 35, D-7 runway slope. See GAMMARW.
NBQ, 28, 32, D-7 pX. 43, D-8
ct thms. See FN.

NORM, C-I
NPAGE, 31, 32, D-7 S

SBKF.AG, 45,1)-8
0 SIGMA, 42, D-8

SINKTD, 4, 14,27,28,46. D-8
oale aie height. See HQEAR. SEND, C-I
OVERFLG, 44, D-7 SPDBRAK, 24, C-1, D-1, )-3, D-8

SPDBR., 24,34, D)-8
,p- SPDBRKO, 9,23, D-8

SPEED. 29, C-1. D-1, D-5. D-7, D-l1I
PANDFQ.LB, C-1 speed of sundL
PITMH, 2, 24, C-1, D-1, D-2, D-3, D-7 sea level Sec ASL
pitch titude. See TErAF. units in feet/sec. See AFPS.

umminum. See rHTIMAJ. specdbrakes. See SPDBRAK., SPDBRK
rotaie. See THTROT. SPLFIAG, 14,45, D)-8
tolerance. See THTTOL SPOIL, 21,24, C-1, D-,1 D-3, D-8

FRESALT, 29,41, D-7 SPOILER, 1,4,5, 14, 16,21, 22, 24,34.40,45, D-1, D-3,
PRESS, 42, D)-7 D-8, D-10
pessure altitude. See PREALT. vmk See SPOIL, SPO$ EP
press= raio. See DELTA. SPOOL, 5.6,8, 15,23,35,38,45,46, D-4, D-8, D-9, D-
propulive dra& See FE. 10
PWRCODE, 5, 6,9,22, 23,35, D-7 SPOOLDNF, 5,6,21,22,23, C-I, D-8, D-9, D-12

SPOOLDNR, 5,6,21,22,23, C-i, D-8, D-9, D-12
SPOOLUP, 9,21, 22, 23,35, C- 1, D4, D-7, D-8, D-9, D-12
SRHOS, C-I

QORV, c-1 STASK, C-I
QS, 23,29,34, D-7 STEADY, 45

STEDYST, 4,20,24,25,26. C-I, D-1, D-4. D-5
--R-- SWING, 22, 33,34, A-I, A-3, D-8

RACURv, 22, 23,30,51, -6 -- T-
rne of cimb. See ROC, ROCFPM.
rating code. See RC. TABINT, 23, C-I
RC, 9,22, 47,1)-7 TABLES, 22, 23,51
RCR, 15,39,46,47, D-7 TAKOFF, 19,20,24,33,40,44,48,49,50, C-1. D1.i
RDBFLE, C-I temperI1rF raio. See THETA.
REVILAG, 9,44, D-7 TAND, C-I
REVNDX, 35, D-7 TEMPR, 42, D-9
REYRSEM 44, D-8 TERMFLG, 45, D-9
RHO, 42, D-8 TERMMSG, 29, D-9
RKAIR, 41, D.- THETA, 42, D-9
RKGRND, 41, D-8 THETAF, 3, 17,37, D-9
ROC, 17,41, D18 THRCRV, 9,22, 47, D-
ROCFPM, 29, 37, D-8 THRUST, 8, 17,23, 26,28, 35, D-9
ROL, 7, 15,39,40,46,47, D-2 D-6, D-7 grism thnusm See FG.
ROL2, 7, 15, 38,39,40,46,47, D-2, D-9. D-10, D-1Il net thrus. See FN.

ROLL, 20,24,28,31,44,52, C-I, 1, D-5. D1- propulsive drag. See FE
ROLLMAX, 3, 111 D-8 thrust incidence angle. See ArT.
ROU.MU, 5,9,39, D.8 thrust eversing. See REVFLAG, REVNDX, REVRSE,
ROTATE, 4, D-t and TIEREV.
romlim a FIspeed. See VKROTAT. thust vectoring, Z,7,21,45,50, D-10. See also
RTORAG, 44, D-81(TOR.
RUNWAY, 23,24,28,39, D-1. D-2, D-5 D-6, ,D-7. D-, THTCLM, 3, 11,47, D-9

D-10, D-12 THMY, 3, 11,D.9
runway condio reading. See RCR. THTMdAX, 3,22,33,37, D-9
tuiway IPr-mre altitude. See HRUNWAY. THTROT, 3,11,47, D-9
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. THFFOL3, 11, D-9 VKROTAT, 3. 11,3& 47, D-1I
TiME. 17.23,2& 32, D-9 VKSTART, 12,38, 47, D-I
I1MEBRU 4,5.15.39,40,44, D-9 VKTAS, 17,29,34, D-11
TIMEFLD, 40, D-9 VKTGS. 17. 23. 28, 29, D-1I
I1MLP•, 4.5. 15,40, D-9 VKWMND, 8,38. D-11
'hDIO L 5, 15, D-9 VTANOLE. 13.24,35, D-1.I
flMAX 3, 11,1D-9 VTAS, 30,41, D-1I
liOIEV, 4,5,15. D-10 VTAS, 41, D-I
1TERhOL. 32, 44, D-10 VVCIrARY, 13,50, D-, D-7, D-1I
T SBK., 4.5.15,16,40,1D-10 VWIND, 28, 29,38, D-1I
1 4MESF 5, 16.40, D-10
TKO. 7,11.38.39.46,47, D-. D-9, D-1 I
TKO2, 7.11,38, 47. D-3. D-5, D-, D-9. D-1 1
'rKOARY. 7,13,47.48, 50, D.4, D-6 D-10, D-1 1 WFUEL, 23,28.35,D-11
•CrTYFE 12, 47, D-10 winxspeed. See VKWB4D.
TOLANDIJAL C-I wiump 28,33
mxcbddn. WNGLAD, 33, D-12

dlum See HIRUNWAY. WPSDIm , C-I
sank ML See SIN4D. WRflTFR, 14,45, D-12

TSLF, 43, D-10
TVBCroRM 21,24, C-I, D-3, D.6, D-1 I
TWOOVRT, 43, D-10

04G, 5,6, 10,17,23, 26, 35,44, D-12
-V- XNqL, 8, 10, 35, D-12

XIENGOUT, 22, 35,44, D-12
VALUES, 22,23, 51 XIDE, 22, 36, D.12
VQ.MOUT, 3,11. 12, D-10 XLF, 17.24,37, D-12
VCMAOCI, C-I XLFJ. 37, D-12
VBrDCAT. 23,24,50, D-. D-7, D-i, D-12 XLFMAX, 22, 27,33, D-12
VBC1FLA 45. D-10 XMAIN, 23, D-12
VBrO.23 XMRl, 8, 36, D-12

VFF.AG, 44. 45, D-10 XMU, 5, 17, 40, D-12
VFL•ARY, 13,48, D-6. D-7, D-10 XNOSE, 23, D-12
VHAS, 41, D-10 XNUARY, 13,50, D-6, D-7, D-12
vbhcuiy (0nmmi). See VISCOSIL
VISOOSK. 42, D-11
VKABr 4,5, 15,156, 3,39, D-1 "-'Y-
VKAPP, 4,14.27,38.46, D-1I YO3, 23, D-12
VKBRAKE, 45.16,38, 44, 46,47, D-1 I
VKCAS, 17, 22, 23, 29, 34, 44. D-1I
VKEAS, 29, D-1 I -- Z
vEND,3,12, 38, D-1 I
VKFAIL, 5, 6,9,11.38 40, 44,45,47, D-I ZO.43,D-13
VKF ,P IZ 13,.24, 38, 4& D-1I 1ZEROX 26, 30, C-1, D-1. D-2, D-.4 D-5, D-10

VKFLPM• 12,13.38,48, D-1 I ZFN, 36, D-13

VKMOrG 5,6.9, 17,38, D-1I
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